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The Editor’s Page 


Sixth Annual Meeting 


HE sixth annual meeting of Members of U. S. Institute for Textile 

7. Research, Inc., will be held at the Waldorf Astoria Hotel, New York 

City, Thursday, Nov. 7, 1935. During the morning and afternoon 

will be held the regular meetings of the directors and members. It is 

possible that the research council will hold a conference in the afternoon 

on the eréping of regenerated rayon and acetate fabrics to which all inter- 
ested in the subject will be invited. 

A new feature of the annual meeting will be a banquet to be held that 
evening, to be followed by a speaking program of unusual interest to all 
textile manufacturers. Several members will report results of new research 
work: Dr. J. R. Katz, director of U. S. Institute’s warp sizing research, 
will speak and the program committee have invited one of the outstanding 
leaders in scientific research to be the principal speaker. Pres. Francis 
A. Garvan, who is also president of the Chemical Foundation, will preside. 
The program committee is: William W. Buffum, chairman; Dr. H. DeW. 
Smith, C. H. Clark. The nominating committee for the annual meeting is: 
Dr. R. E. Rose, chairman, Alban Eavenson and Joseph Bancroft. 


Warp Sizing Research Report 


HE first confidential progress report of U. S. Institute’s warp sizing 
T research was mailed August 27 to those financing the project and to 

other contributing members of the Institute who had registered to 
receive these reports. The subject covered by Dr. J. R. Katz, director of 
the study, was ‘‘The Changes in Viscosity of Starch Pastes Through Con- 
tinued Heating and Stirring in Relation with the Sizing of Cotton Yarns.’’ 
It was illustrated with several viscosity diagrams, and with microphoto- 
graphs showing the different stages of swelling and disintegration of potato 
starch vesicles heated at 99° C. without stirring. 





Some Dynamic Properties of 
Filamentous Materials 
By Dr. IRVING J. SAXL* 


Summary 


A testing apparatus is described in which the chain- 
weight principle is used for the purpose of a slow and 
continuous load application as well as load removal. The 
elongation can be read with precision with the aid of a 
micrometer device and an indicator which has an attach- 
ment for practically eliminating parallactic errors. Read- 
ings are taken in the state of substantial equilibrium of 
load-versus-extension. With this machine it is possible to 
give special consideration to such critical points as the 
yield point. The instrument lends itself readily, further- 
more, to the determination of hysteresis loops and also to 
the investigation of crimp in yarns. 

Reliable data are given of load extension curves of 
representative synthetic yarns. In addition to taking the 
stretch-versus-tension diagrams, as such, the hysteresis 
loops are determined for various points of the load- 
strain curve and their theoretical and practical importance 
is discussed. The measurements taken of textile yarns are 
compared to the load extension characteristics of metals 
and the results are discussed in exact physical terms. The 
dynamic characteristics of sized yarn are discussed. The 
limitations of crimpage measurements are mentioned. 


Introduction 


NE of the most important characteristics of textile fibres and yarns 
QO and also of fibrous materials used in other arts is their relation of 
load-versus-extension. This is specific for different filaments and 

for the various processes to which the yarns are subjected. It is this char- 
acteristic which decides whether the tension applied to a yarn during the 
manufacturing processes is or has been proper, too low or excessive under 
varying operating conditions; whether chemical treatments have inter- 
fered with the physical structure of the fibre, ete. The taking of re- 
liable dynamic characteristics and the systematic interpretation thereof 
open up new vistas for a thorough understanding of the qualities of yarn 
and the preparatory methods connected therewith. Only a few of the many 
possibilities are discussed in detail here. The determination of the load 
extension curve is characteristic not only for the original yarn but also 
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for the various processing operations and conditions to which it is sub- 
jected. Changes in the stress-strain characteristics are often so specific 
for certain processes and materials that it is possible to check back on 
manufacturing procedures even after the yarn has left the preparatory 
departments. Certain steps of preparation will make definite changes in 
the original load-extension characteristics. 

An apparatus will be described with which it is possible to determine, 
in a simple manner, with great exactness and in a short time, the load- 
extension curves and the hysteresis of all types of filiform materials, in- 
cluding single fibres, yarns, multiple yarns, cellophane, rubber, metal wires, 
etc., and to analyze their characteristics in various directions. 

In making stress-strain measurements it is of importance to watch 
the time factor. In the results shown in all the load-strain diagrams given 
here, the readings have been taken only after the pointer remained constant 
for a considerable period of time. As compared with pitch, some yarns, 
particularly of the acetate type, flow under stress slowly but constantly. 

The maximum tensile strength is dependent upon the speed of load- 
application. The semi-plastic and semi-elastic deformation of the yarn 
continues in a manner which is characteristic for the physical structure 
and chemical composition of the different textile materials. This deforma- 
tion is also significant for the physical and chemical processes to which the 
yarn was subjected previous to its testing in the chainomatic apparatus 
and to the atmospheric conditions during the test. Long sustained loads 
approaching the normal tensile strength of the yarn show changes in the 
final tensile strength. Care should be taken in making measurements of 
this type to make the observation under controlled temperature and hu- 
midity conditions. Under the influence of different percentages of rela- 
tive humidity the steepness of ascent of the load-deformation curve 
changes.* As a rule, yarns extend more rapidly at a higher moisture con- 
tent. 


Methods for Taking Stress-Strain Characteristics 


The stress-strain curve is an important characteristic of textile fibres 
and yarns. The increase of our knowledge of the yarn and its changes 
under the influence of the preparatory processes to which it is subjected is 
necessary if we wish to standardize or improve the yarn itself and the 
processing operations to which it is subjected. Simple experimental meth- 
ods for taking the dynamic curve are of importance therefore, as well as a 
knowledge of its physical interpretation. 

Various attempts have been made to determine the elongation-versus- 
load relation. As early as 1922 Barrett described an apparatus and method 
for testing single fibres for tensile strength and elasticity, the base of 
which is an Oertling Balance.’ Even earlier, Matthews described a fibre 
testing machine based on the balance principle? As far as single fibres 
are concerned, the stress-strain relations of Celanese and other raw ma- 
terials have been investigated by Steinberger.* The change of the stress- 
strain characteristics under the influence of various percentages of relative 
humidity is indicated by Mauersberger.* Data referring to the analysis 
of the load-elongation curve are contained in a paper of Diemer, together 
with a picture of a French apparatus for taking them.’ Stretch-versus- 
tension diagrams are also given by Quig, including changes of the load- 
extension curves at various degrees of relative humidity.* The stress-strain 
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curve of rayon yarns subjected to successive stretching and contracting 
over a period from two to three weeks is described by Green.’ 

While the elastic properties of metallic substances and of dielectric 
masses, such as used in structural work, are known and have been repeatedly 
investigated, these important relations are now transferred to the physics 
of textile yarns. 

The tensile strength of yarns and fabrics and its change under various 
conditions has been investigated previously. There are a number of yarn 
testing devices and cloth testers in existence. They include the bursting 
strength tester of the Mullen type, inclined plane serigraph machines of 
the Scott type, single strand testers of the Suter pendulum type or Zeid- 
litz hydraulic type, as well as many others. Also, the strainometer used 
for the stress-strain determination in metals should be mentioned. Some 
of them have devices for indicating the slope of the extension curve on 
recording instruments by an autographic attachment to the testing machine. 
In practice, instruments are used prinicipally which give readings for the 
final breaking strength and the stretch at this last point. The data given 
by all such machines are dependent upon the machine constants, such as 
speed, rate of load application, ete. 

In certain of the mechanically driven testing machines, the load ap- 
plied per unit of time is approximately equal. In taking load-extension 
diagrams, however, equilibrium for the application is reached at different 
times. Precise readings can be taken only if the yarn is in equilibrium and 
at rest at a certain point of load application. As this change in load-per- 
time unit is characteristic, not only for different yarns but also for dif- 
ferent places of the load tension characteristics, a changing speed of meas- 
urements during the determination of the curve becomes necessary if the 
total minimum time is to be used for the completion of a set of readings. 

In most of these measurements a definite machine speed is assumed. 
In actual work, it is found that the conditions of equilibrium at each point 
of the curve are reached at periods varying from a few minutes to half an 
hour and longer. The formulation of a load-deformation curve, using a 
machine of constant load or speed, must be considered therefore as arbi- 
trary. Before assuming any machine constants, the absolute stress-strain 
curve, as such, should be known as it exists in each individual point at a 
state of equilibrium of the yarn against the load applied to the yarn at 
such a point. 


The Apparatus 


In the design of such an apparatus a reasonably slow and continuous 
weight application, free from sudden jerks, is imperative. The problem 
of achieving such an end can be solved simply by applying the chain weight 
principle used on chainomatie balances to the application of the changing 
weight as necessary in loading and unloading the textile fibres, yarns, 
wires or similar materials to be investigated. The chain weight principle 
has found practical application before in the construction of balances,’ 
and has been found useful also in crimp tests.° In the construction to be 
described the chain weight principle has been applied in combination with 
an arrangement for measuring the stretch precisely.* The construction is 


* Author’s Note: While the original paper was in the hands of the publisher 
since April 12, 1935, an article by Demeulemeester and Nicoloff, describing a 
chain weight arrangement, appeared in the J. 7. I., May, 1935, P. 147-155. In 
their instrument, however, instead of attaching one end of the chain to the-arm 
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simple and rugged. It permits constant and slow weight application dur- 
ing the various time intervals necessary. It permits waiting at critical 
points until equilibrium is reached during loading as well as unloading 
at any desired point on the curve. It also permits the study of the time 
factor with regard to the dynamic characteristics of the yarn and readings 
may be taken under actual conditions of equilibriwm of the yarn. The 
load is read directly in grams. The extension is read to better than .01 cm., 
corresponding to a precision of .05% for an original length of yarn of 
20 em. 
A photograph of the apparatus is shown in Fig. 1, and a diagrammatic 
sketch of the instrument in Fig. 2 explains it in detail. Inasmuch as rela- 
tively considerable weights have to be applied smoothly, and inasmuch as 
the length over which the chain has to be moved should be within the limits 
set by the height of the operator, two parallel chains instead of a single 
chain are used. The chains consist of steel members which are electro- 
plated with chromium for the purpose of protecting them against chemical 
corrosion and physical abrasion. Thus the apparatus can be used under 
varying humidity conditions without detriment to the instrument. The 
application of two chains has the advantage not only of reducing the length 
along which one of the chain suspensions has to be moved, but, in addition, 
it increases the precision and smoothness of the curve of weight application 
because the suspension has been made in such a manner that one chain is 
upproximately half a chain link apart from the other. The smoothness of 
the catenary is therefore better than if the chain consisted of larger and 
more rugged links. Further improvements in weight application are under 
investigation. 

The weight application is accomplished by moving the holder, 1 (Fig. 
2), on the right support, downward. At the upper stop of the holder the 
weight application is automatically zero. The right post is calibrated 
directly in grams so that the weight of the load can be read upon the post 
immediately. The latter is three feet high, and during this change of 
length the weight of the load applied by the double chain, 9, can vary from 
0 to 300 grams. To hold the chain upon the post firmly and to move it 
easily if desired, a spec®l spring clamp, 2, with cork friction, 11, has been 
designed. The other end of the chain is attached to an indicating pointer, 
3. This pointer is counterbalanced by two weights, 4, the exact distance 
of a balance and lifting it back to its original position against the elongation of 
the yarn by the aid of a calibrated micrometer screw, they take care of the shift 
in the position of the origin of the chain by an interesting compensating ar- 
rangement, resulting from the unwinding of four chains against the motion of a 


single chain. This latter is bent around a pulley and the extension of the yarn 
is read in terms of angular displacement of said pulley. 

In connection with this, it should be mentioned that the same scheme of 
chainomatie device which compensates for the change in length of the chain 
as a specimen is stretched has been worked out at M. I. T. by Richard T. Kropt, 
under the direction of Prof. E. R. Schwarz in 1931. The complete details of 
this, together with the mathematical analysis are to be found in a thesis en- 
titled “The Design, Construction, and Calibration of a Single Filament Testing 
Machine.” 

It is believed that the micrometer device is simpler and more precise in 
construction. It avoids frictional errors better than the aforementioned appa- 
ratus, and particularly makes the measurements entirely independent from ma- 
chine constants which is not the case with the automatically driven machine. 
Moreover, it is not only in the construction of the apparatus, but also that the 
results received with our apparatus are interpreted in physical terms and that 
the dynamic characteristics are analyzed for the purpose of determining manu- 
facturing characteristics, that this paper shows substantial differences from the 
aforementioned. 
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of which can be adjusted by screwing the weights toward the center or 
away from it. For eliminating errors, a sighting attachment, 13, is at- 














Fic. 1. Photograph of the Fic. 2. Diagrammatic sketch of the 
new apparatus for the precision apparatus, 
determination of load-extension 
characteristics. 


tached in front of the pointer (Fig. 3). The yarn, 12, is suspended above 


the pointer and is attached to it with the screw, 7. The apparatus is 
levelled with the aid of the plumb, 10, and three levelling screws. 


Fig. 3. Close-up of the pointer and parallaxis eliminator. 


If the holder, 1, of the chain is lowered, then a definite stress will be 
exerted upon the yarn. Accordingly, the length of the yarn will increase 





524 Textile Research 


and therefore the pointer will drop. This downward motion of the pointer 
is limited by an arrest, 6, which is attached to the frame of the instrument. 
Thus, if the yarn shows excessive elongation or break, the hand will not 
drop completely. For raising the pointer to its zero position, the holder 
to which the screw, 7, is attached, is lifted with the aid of the screw, 5. 
The left post is calibrated directly in 0.1 em. Thus, one can determine the 
elongation of the yarn with great precision. It is possible by observing 
the subdivided screw head, 8, of the calibrated screw, to read the elongation 
of the yarn to better than .01 cm. By applying greater original lengths of 
the yarn, finer subdivisions of the screw head, verniers, electrical or optical 
reading devices, etc., this exactness can be raised still further, should it 
become desirable. No finer subdivisions have been made thus far, as the 
precision of the results is entirely satisfactory for the exact determination 
of load-extension diagrams as is necessary in research and laboratory work 
on yarns and fine wires. 

Special care has been taken to construct the indicating pointer in such 
a manner that it will move easily. Fig. 3 shows a detail of the construc- 
tion of the pointer in plane view. The pivot of hardened steel, 1, which is 
held between two conical bearings, 2 and 3, carries a light weight lever made 
of aluminum with a knife edge, 14. This pointer is balanced with two 
movable nuts, 4 and 5. The yarn is inserted at the screw clamp, 7, between 
two fibre washers, 8 and 9. The parallax eliminator, 13, is attached in 
front of the knife edge and the mark, 15. In operation, 13, 14 and 15 are 
aligned. The sensitivity of this instrument is dependent first upon the 
pointer moving readily. The sensitivity of the movable pointer is, at 
present, greater than the finest reading device applied. The second limita- 
tion of sensitivity is given by the friction between the chain links. With 
this arrangement, it is possible to determine with a high degree of exact- 
ness the actual stretch suffered by yarns and other materials if different 
loads are applied to them in various manners. 


General Physical Principles 


In the following are given data which apply to materials substantially 
dielectric such as textile fibres, as well as to conductors of electricity such 
as metal wires. For absolute measurements, the percentage extension of 
the material would have to be stated in terms of the specimen length. 


The Yield Point 


The difference between elastic deformation and such elongation which 
may be termed permanent deformation is a characteristic distinction be- 
tween different materials. If the yarn returns to the original zero point of 
the stress-strain curve, after the load is removed, then this part of the stress- 
strain diagram is within the limits of elastic deformation. Only in the 
region of elastic deformation is Hooke’s law valid. This law expresses the 
fact that the stress is proportional to the strain; 1.e., under twice the load 
the yarn will stretch twice as much. This assumes a condition of perfect 
elasticity. 

It can be assumed that the true yield point has been reached when an 
almost negligible increase in the load will produce a marked increase in 
the stretch. The point at which this occurs indicates that the part of the 
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curve in which Hooke’s law is valid has been passed. This point can be 
determined with great precision with the chainomatic testing machine. It 
is important for the consideration of the ductility of materials. It will be 
seen that more than one apparent yield point may be found in the load 
deformation curve of yarns. 


Load-Deformation Curves 


It should be realized that many methods proven in the mechanical 
analysis of wires, ete., can be applied to the textile field. There is an 
apparent similarity between the curves of the dynamic characteristics of 
yarns and the load-strain curves taken for metal wires. In a critical an- 
alysis, however, certain differences will be found. 

Fig. 4 shows the load-strain and hysteresis diagram for enameled copper 
wire of .005 in. diameter. With a load increasing from 0 to 120 grams, the 
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Fig. 4. Enameled copper wire Fig. 5. Viscose type yarn 100/40. 
d = .005 in. Manufacturer ‘‘C.’’ 


stretch remains less than 0.8%. Here the wire begins to yield. There- 
after, it will be found that an increase in the load of 10 grams, from 140 
gm. to 150 gm. for instance, will produce 2.5% elongation, many times the 
amount a 10 gram load application produces, for instance, between 50 and 
60 grams. 
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If the load is removed after the passing of the yield point, P, the wire, 
as can be seen clearly from Fig. 4, does not return to its zero position but a 
permanent elongation occurs. When the wire breaks, its end points show, 
under microscopic investigation, an analogous appearance to that of steel 
rods which have failed in tension. 

In Fig. 5 is shown the load-strain curve for a certain rayon yarn of 
the viscose type, 100 denier, 40 filaments. Comparing this with the typical 
load-strain curve of a metal wire, it will be observed that the yarn shows 
two critical points, Sp and Sz, while the metal has one critical point, P, as 
can be seen in Fig. 4. 

It is interesting to note that in fibres we sometimes apparently do not 
have to deal with a single elastic limit, as required by the theory, similar 
to the yield point of metals. In yarns, under certain conditions several 
changes of the Al/1 relationship can take place. The second one is some- 
times only indicated, but it exists in all synthetic yarns investigated thus 
far. It can be clearly seen in Figs. 10 and 5 at points Sp and Sz. Asa 
working hypothesis it may be assumed that the yarn, after the yield point, 
is transformed into a molecular structure of a different physical con- 
struction than the original yarn. The micelles of the fibre are deformed 
elastically first, thereafter changed irreversibly in their mutual position 
corresponding to a new status of micellar equilibrium. This new yarn in 
turn shows a new and different yield point. The second one, Sz, is con- 
siderably distant from the first one, Sp. The sudden increase of elongation, 
by small additions to the load, if further accentuated, is due to the known 
fact that specimens approaching their limit of elongation begin to ‘‘neck 
down.’’ In the region just preceding breakage, observations with a polar- 
izing microscope showed streaks traveling along the individual filaments. 

Finally, the micelles are definitely separated from each other and the 
yarn breaks. It is as though the fibre, by being stretched, had acquired 
different physical structure. X-ray spectrograms corroborate the fact that 
greater parallelism between the molecular crystals is achieved when the 
yarn is stretched.’* *** The change in the molecular arrangements, and 
thus the increase in strength during the process of stretching, is being made 
use of in the stretch spinning processes, in the manufacture of high drawn 
steel wire, and of crystal tungsten wires and many more.” * * 


Determination of the Crimp in Yarns 


It will be understood that the instrument lends itself directly to the 
determination of crimp in yarn in the customary manner. Fig. 6 shows 
curves obtained when the instrument was used as a crimp indicator. The 
elimination of kinks by the use of a single chain has been previously done.’ 
Also other methods of weight application have been used for this purpose.” 

The exact readings in grams which can be taken directly with the 
instrument lend themselves well to this type of investigation. In Fig. 6, 
for instance, the curve a is prolonged beyond the part after which a linear 
relationship results. This prolongation (dotted line) cuts the abscissa in 
point A. Accordingly, the line AB has,the shape of the idealized curve of 
a yarn that would be devoid of crimp. The difference between the convex 
and concave part of the beginning of the curves a and b is the difference 
between a yarn that has crimp and a yarn that has been prestretched, and 


therefore has lost its crimp. 





Some Dynamic Properties of Filamentous Materials 527 


Inasmuch as the shape of the elongation curve is known from other 
readings of the same type yarn, the beginning of the regular curve can be 
stated clearly, and the deviation from the normal curve, which was necessi- 
tated by the removal of the kinked and bent part, can be found. The load 
necessary to reach this point is then proportional to the load for removing 
all kinks. While stretching systematically, the gradual disappearance of 
the kinks may be observed. 

In Fig. 6, curve a represents the dynamic characteristic of a viscose 
type yarn which had been woven into cloth. For increasing the clarity of 
the picture, the hysteresis loops taken for curve b have not been drawn out 
in full but were only indicated at their respective points. According to 
the customary procedure, the linear part of the curve has been prolonged 
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Fic. 6. Curve a. Crimped yarn 100 denier, 40 filament, of viscose type. 
Curve b. Normal yarn of the same type. 


which cuts the abscissa at point A. It will be realized from a comparison 
with curve b, which represents the dynamic characteristic of the same type 
yarn which, however, was not processed, that certain corrections are neces- 
sary for comparing the two characteristics. We know from, previous in- 
vestigations that the beginning of the true stress-strain curve is substantially 
characterized by its parallelism between the axis of the hysteresis loops and 
the first part of the dynamic characteristic in which Young’s modulus is 
reasonably valid. As can be seen from Fig. 6, however, the line AB is 
not substantially parallel to CD. Accordingly, this procedure is permissible 
only for cotton type yarns. 

If the dynamic characteristic of the yarn does not start linearly, or if 
the crimp takes place after the yield point, the assumption underlying this 
type of crimp ‘determination is no longer true. 


Dynamic Characteristics 


How far a material may be safely stretched without impairing its 
working, dyeing and other performance characteristics, depends on the 
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physical and chemical properties of the yarn. The load-strain curve gives 
information as to the permissible stretch for specific materials. The term 
dynamic characteristics is suggested for diagrams of this type. 

In Fig. 7 the load-strain diagram for 20/22 denier silk is given. In 
comparing this diagram with Fig. 5 (viscose), it will be noted that the 
total percentage stretch of silk is less than that of this viscose type yarn. 
It will be noted that the areas of the hysteresis loops increase toward the 
latter part of the curve. 

The excellent structural properties of 2-ply cotton yarn are shown in 
Fig. 8. As will be noted from this curve, the original curve of the load- 
strain diagram follows Hooke’s law closely, indicating that the yarn within 
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Fie. 7. Silk 20/22 denier. Fig. 8. Cotton 100 2-ply. 


this range has highly elastic properties and is not affected by sudden yield- 
ing. From all the diagrams of yarns shown, the one of cotton resembles 
more nearly the stress-strain curve of metal wires, indicating the outstand- 
ing strength and resiliency inherent to this natural fibre. 


The Determination of Excessive Stretch 


If a yarn is loaded systematically without entering readings of un- 
loading during the taking of the load-strain characteristics, the involute 
of the load-strain curve shows somewhat different characteristics than if 
the yarn is loaded and unloaded repeatedly during the taking of the dynamic 
curve. An example of this is shown in Fig. 9. Curve b results from a yarn 
which underwent repeated loading and unloading, while curve a was made 
by loading the yarn without any intermediary points of relaxation. It can 
be observed that curve a is a generally higher curve than b. The critical 
points lie at different loads, viz. 90 gr. for P, and 130 gr. for P.. The 
stretch at these yield points is different, being about 9% for curve a and 





Some Dynamic Properties of Filamentous Materials 529 


3% for curve b. It is interesting to note that the final stretch and final 
maximum load are higher in curve a than in curve b. This shows that 
stretch and recovery of the yarn can greatly improve the working character- 
istics of the yarn if such periods of extension and contraction are properly 
applied. 

It is thus practically possible, if the stress-strain curve is known, to 
say what percentage of stretch will remain after a yarn has been stretched 
a given amount. All that is necessary is to draw a line parallel to the 
axis of a previous hysteresis loop, from the point of the curve where the 
unloading begins, until it cuts the abscissa. 
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Fig. 9. Curve a. Dynamic characteristics of normal viscose type yarn. 
Curve b. Dynamic characteristics of pre-stretched yarn of the same type. 
Yarn possessing the characteristics of curve b dyed a lighter shade, while 
yarn a showed normal dye absorption characteristics. 


It will be realized that it is possible to determine in a similar manner 
whether the yarn received from different manufacturers has undergone 
excessive stretch, previous to its entering the preparatory mill. 

Also for illustrating the difference in dye characteristics of yarns in re- 
lation to the dye absorption of these yarns, Fig. 9 may perhaps be interest- 
ing. Cloth produced from yarn whose characteristics are shown in curve 
a, showed normal dye absorption. Yarn from certain quills produced streaks 
in fabrics. When this latter yarn was investigated, the curve b was found 
in Fig. 9. As will be seen from the latter, it is steeper than curve a, 
indicating that some ‘‘life’’ has been taken out of the yarn previous to its 
entering into the cloth. 

There is also another interesting fact in that the yield point, P,, of 
the stretched yarn occurs at 3% stretch, while the yield point, P., of the 
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normal yarn is reached at approximately 9% stretch, showing a difference 
of 6% stretch at the yield points, which corresponds to the same difference 
in percentage stretch of the final breaking strength of the yarns. Thus, 
the yield point may not only be indicative of the original ‘‘]ife’’ left within 
a yarn, but it also may be an indication of the final breaking strength and 
stretch of a yarn. 

The most important difference from a dyeing view point is the fact 
that the yield point for the pre-stretched yarn lies at about 70 grams, 
while the yield point for the normal yarn is almost twice as much, namely 
130 grams. Naturally, the margin of safety for handling yarn before it 
starts to yield is much higher in the case of the normal yarn than in the 
case of the pre-stretched yarn. 

It will be noted from the above that a method is given herewith for 
closely determining whether the yarn has suffered excessive stretch previous 
to its entering manufacturing operations. While the virgin curve of raw 
yarn will follow the total curve of the load deformation characteristics, the 
stress-strain curve of a pre-stretched yarn will show the steep ascent, as 
indicated in the later loops of the stress-strain characteristics.” It will 
show less total elongation, and a yield point, as a rule, at a higher load 
compared to the characteristics of the yarn which was not previously 
stretched. ; 


The Hysteresis Loop 


It is interesting to note that the return of the yarn under these quasi- 
elastic conditions takes place along a hysteresis curve which can be observed 
in all the load-extension diagrams shown. While this hysteresis curve is a 
single line only in harder materials such as metal wire, the hysteresis curve 


covers a loop of considerable area for softer materials, such as viscose 
yarns, acetate yarns, etc. It seems that the narrower the average width of 
the hysteresis loops the higher is the elastic retention within the original 
filamentous material. The loops produced by the mechanical hysteresis of 
the yarn are so indicative of the specific character of the individual yarn 
that it is possible in this manner to distinguish yarns received from different 
sources, or yarns from one producer that are supposedly alike, but that have 
been treated in a different manner and have different characteristics. It is 
of importance that these changes in the characteristics of the yarn can be 
ascertained in a simple, clear manner in the laboratory before the yarn 
enters manufacturing processes. Faulty shipments can be eliminated in 
this manner long before they would be ascertained in the form of defects 
within the finished cloth. 

While there is a quantitative difference in the total’ load-stretch char- 
acteristics, there exists a qualitative similarity between the curve of the 
metal (Fig. 4) and the beginning of the diagram of the dielectric fibres 
(Fig. 5), in that the load removal and renewed load application thereafter 
follows a straight line law. After the point Sp in Fig. 5 has been passed, 
however, and the yarn has started to yield and transform itself into a 
physically different structure, the loading-unloading characteristics are 
no longer linear but a hysteresis curve of definite area is obtained. 

It will be observed that the width of the loops is wider when the yarn 
flows plastically than in the regions adjacent to the critical points. The 
axes of all the unloading curves are practically parallel to each other, and 
they are also substantially parallel to the original part of the curve in 
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which Hooke’s law is valid. This gives another method for determining, 
within a reasonable degree of exactness, the position of the yield point if 
the change beyond the proportional limit does not appear obvious at first 
sight. In this instance, a parallel is drawn to the axis of the hysteresis 
loop through the origin of the curve. 

The narrower the hysteresis loop, the more wiry the ‘‘feel’’ of the 
yarn. The wider the loop, the softer the ‘‘hand.’’ Thus, the hysteresis 
loop gives an excellent picture of the stiffness of the material. It is 
understood that the materials compared should be reduced to terms of 
equal diameter by calculating unit cross-section areas, i.e., stress which 
is given always as a percentage relative to the area stretched. 

The greater the area circumscribed by the periphery of the loop, the 
less elastic is the yarn and the slower the return to equilibrium of stretch- 
versus-load application. Accordingly, this area is indicative of the weaving 
and knitting possibilities of the yarn. In addition, the crepage of yarn 
is predictable from the dynamic characteristics, particularly if compared 
with the dynamic characteristics of wet yarn. 

The area of these hysteresis loops is proportional to the internal dis- 
tributed forces which counteract the elastic return of the yarn into its 
original condition. 

Thus the area covered by the hysteresis loop is indicative of the energy 
consumed during the elastic recovery of the filaments. The area of the 
hysteresis loop is not only different for different materials, but it varies 
also in one and the same type of yarn according to the pre-treatment to 
which the yarn has been subjected. This is particularly noticeable in the 
case of acetate type yarns where the width of the loop seems to be greater 
at those parts of the curve which are flatter, and less in such parts of the 
curve which have a greater differential quotient (see Fig. 10). 




































































Fie. 10. Acetate type yarn 100/40. Manufacturer ‘‘B.’’ 


Comparable with magnetie alloys, a typical hysteresis loop for ductile 
materials, such as acetate yarn, shows residual coercive forces. The mag- 
netization curves for certain alloys resemble the load-strain diagrams of 
deformed yarns. Apparently in both cases, slippage of molecules and de- 
formation of materials takes place. Thus, the normal induction curve of 
iron resembles the inverted dynamic curve of viscose type yarn. 
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It may perhaps be assumed that the elastic forces necessary for pro- 
ducing slippage of molecules in a stretched yarn are comparable to the 
elastic forces necessary for producing induction in materials of high mag- 
netic permeability. ™ * * 

In addition, it will be realized that in both instances there is a satura- 
tion value beyond which the molecular bipoles cannot be moved. Also, a 
hysteresis loop exists for mechanical as well as magnetic stress. 

It is interesting to observe the relation between molecular deforma- 
tion and stress of different degree in yarns if such yarns are viewed in a 
polarizing apparatus. The stress-strain curve remains in a definite rela- 
tion to the stresses put upon the molecular structure of the yarn. The 
changes in the micellar orientation can be made visible with the photo- 
elastic technique. * 

Figs. 5 to 10 show the limiting curves of the load-strain relation, to- 
gether with hysteresis loops taken at intermediary points. The slopes of 
the hysteresis loops, determined in this manner, are practically parallel re- 
gardless from which part of the curve the descent to zero load is made. 
In yarns of considerable ductility, which show permanent elongation with 
little load, it will be observed that, after they have been loaded slightly 
above the initial elastic limit, they will behave according to Hooke’s law 
at loads less than the new elastic limit. It also can be seen that if the 
weight is removed systematically the yarn will assume a shorter length. 
Within this range Hooke’s law is again valid, despite the fact that the 
yarn has passed the original limit point of elastic deformation. Moreover, 
they are parallel to the first part of the curve in which Hooke’s law is rea- 
sonably valid. In other words, while the yarn seems to trespass various 
physical stages, the modulus of elasticity for each individual point of the 
curve seems to be constant even after the original limit of elastic deforma- 
tion has been passed. 


The Working Elastic Limit 


The pre-stretching of materials, as indicated previously, is of im- 
portance. Materials of considerable ductility, in other words, yarns which 
easily show permanent elongation, can be processed by loading and un- 
loading them to such an extent that the working elastic limit is raised. 
As can be seen from the diagrams shown in this paper, after a yarn has 
been pre-stretched considerably the new initial curve is elastic through a 
much greater length of the curve. In Fig. 10, for instance, the limit of 
elastic elongation is at about 50 grams. After repeated loading and de- 
loading, the yield point can be made finally to fall together with the break- 
ing point at 90, 100 and finally 110 grams. In making standardization tests 
it may be important to agree on the number of loops and the time taken 
in the determination of the total stress-strain characteristic. 

Fatigue strength is different from the strength in the raw material. 
It is as though aged material would be more brittle. Fatigue tests made 
at the present concern themselves primarily with the longitudinal fatigue. 
They may be extended also for the torsional fatigue, which should be pro- 
portional to the shearing strength of the material. 

The working elastic limit of yarn, as a rule, may be assumed to be 
50% of the ultimate tensile strength. For finding out the actual working 
limit to which the yarn may be stretched gradually, the stress-strain curve 
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should be consulted. The working stress which can be safely applied to a 
yarn is dependent upon its inherent properties, as well as upon the con- 
dition under which it will be used in actual operating performance. Only 
when complete knowledge of both of these factors is known is it possible 
to properly engineer the tension. As a mechanical treatment such as 
hammering influences the properties of a metal, so changes in the physical 
characteristic to which the yarn is subjected will vary its final state. In 
general, it can be said that such working operations as harden the material 
and increase its tensile strength reduce, at the same time, the ductility of 
the yarn. 

It is up to the operating engineer to decide whether an increase in ten- 
sile strength is of greater importance for certain operations, or whether a 
greater allowance of percentage of plastic deformation is preferable to 
achieve a given result in the best way, and the point in between these two 
extremes where the proper compromise is to be made. In some instances, 
retentivity, hysteresis and coercive force should be as small as possible, 
while for other applications, maximum retentivity is a desirable charac- 
teristic. 


Multiple Ply Yarns 


The working strength of yarns is also influenced by the mechanical 
tension exerted by the individual layers of fibres upon each other. If, for 
instance, a core with few turns of twist is surrounded by spiral layers of 
yarn, then the outer layer of these yarns will tend to tighten its grip 
upon the core if the yarn is subjected to stretch, as for instance in thread 
covered rubber. Accordingly, the factor of compression upon the inner 
layer will be combined with the stretch to which the total yarn construc- 
tion is subjected, and the composite curve of stretch-versus-elongation, the 
final breaking strength, the maximum elongation, etce., will be changed. 
Moreover, inasmuch as the core is shorter in total length than the covering, 
the core will be stretched more than the outer layers, resulting in @ com- 
posite picture of plaited yarns which differs widely from any of its com- 
ponents. The composite strand of different original materials must not 
necessarily show the sum of the characteristics of each individual ma- 
terial. 

While the total strength does not necessarily increase with the increase 
of absolute cross-section, the flexibility of a yarn is increased if the total 
number of units per cross-section area increases. This flexibility shows 
itself also in an increased ductility in making the stress-strain curves. 

The ultimate total strength, T, of a uniform filament of cylindrical 
form is, 

t rd? 
T= (1) 
4 


where d is the diameter of the material, 
t is the tensile strength per unit of cross-section, 
T is the ultimate total strength in tension. 


Equation 1 must not necessarily be synonymous with breaking strength. 
In certain materials, particularly metals, it is possible that the ultimate 
total strength is greater than the breaking strength, inasmuch as such ma- 
terials may have to pass the point of ultimate strength before the exces- 
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sive gliding, and thus reduction in cross-section within the material, is 
reached that precedes breaking. The ultimate strength is somewhat de- 
pendent upon the gradual increase of load. 

In the same manner, the ultimate total strength is related to the 


weight, in that, 


51 rd? 
(2) 
4 
T t 
and hence, = — (3) 
Wi 4i 
where d is the diameter of the cylinder, 
lis the length of the cylinder, 
6 is the specific gravity, 
W is the total weight. 

It will be realized that the ratio of the strength of the material to the 
total weight necessary in the construction of a fabric is contained in 
formula (38). 

It furthermore will be noticed that, while the softness of a synthetic 
fibre yarn will increase with decreasing diameter of the individual fila- 
ments, for the same physically and chemically identical material the 
breaking strength will increase with the square of the diameter. In this 
manner a limitation is set to excessively low denier. 


Dynamic Curves of Processed Yarns 


Not only is it interesting to investigate, with the apparatus described, 
the stress-strain relation of raw yarn, individual fibres and other materials 
as such, but also light is cast upon the change in the stress-strain char- 
acteristics of differently processed, twisted, and plied yarns and of solu- 
tions with which such yarns are treated. This refers particularly to the 
combination of fibre and warp size. The great change between the sized 
and unsized state occurring in the stress-strain characteristics of the same 
type of yarn is depicted in the difference between Fig. 10 and Fig. 11. The 
latter is yarn of the same type and manufacturer but sized in the cus- 
tomary manner. The irregularities of the different flow points are elimi- 
nated here. The yarn expands slowly and reasonably within the general 
form of a saturation curve. The hysteresis loops within the curves will 
be discussed later. 

Fig. 11 shows the stress-strain relation for 100 denier 40 filament ace- 
tate type yarn of manufacturer B, which was sized in the usual manner. 
As will be noted from a comparison with Fig. 10, which gives the proper- 
ties of the same yarn unsized, the elasticity of this yarn has changed 
considerably. It is particularly interesting to see that the sized yarn 
obeys Hooke’s law somewhat better and no sudden yielding occurs, whereas 
the unsized yarn shows considerable plastic flow. Therefore, the irregular 
stress applied to sized yarn does not harm this yarn as much as it would 
if tension were applied to the unprotected yarn. If sized yarn is stretched 
it goes back reasonably to its original form within the elastic limit. Par- 
ticularly, the sized yarn does not yield suddenly and irregularly as does 
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the unsized yarn. Unsized yarn, however, of the same type, will yield 
almost unpredictably as indicated in Fig. 10. 

It should be taken into consideration that sized yarn acts physically 
somewhat similarly to reinforced concrete.* * In reinforced concrete, wire, 
steel bars, etc., are placed in such a manner as to increase the strength in 
the direction of tension, and, accordingly, the resistance of the reinforced 
concrete against bending. Accordingly, in a sized yarn a stiffness of 
physically similar character is achieved. 
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Fic. 11. Sized acetate type yarn 100/40. Manufacturer ‘‘B.’’ 


It will be realized from the above that, among others, one of the 
physical characteristics of good size is to have sufficient inherent resiliency 
as to build together with the yarn a semi-elastic structure without sudden 
yield points, Sp and Sz, and to counteract the elastic flow of the individual 
fibres within the limits given by reason of production machinery constants. 

Slight impurities in the yarn, as well as impurities in the sizing solu- 
tion, can change the ductility and tensile strength of the yarn and thus the 
dynamic characteristics of sized yarn. 


Conclusions 


(1) The chainweight principle is an excellent means for systematic 
load-application and removal. 

(2) The exact determination of hysteresis loops for yarns offers means 
of analyzing the physical properties of yarns. 

(3) The angle of the axis of the hysteresis loops, as well as their 
shape, width and area, are indicative for the behavior of the yarn during 
the spinning, weaving, knitting operations, ete. The word Dynamie Char- 
acteristic is suggested for diagrams of this type. 
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(4) The part of the dynamic curve previous to its passing the yield 
point is more important from a manufacturing viewpoint than the area 
beyond the yield point or the final breaking strength and extension. 

(5) The dynamic characteristics are determined in the status of equi- 
librium of the yarn, which is investigated in this manner absolutely inde- 
pendent from machine constants. 

(6) Inasmuch as this instrument is free from machine constants, as 
far as time is concerned, the relation of extension in dependency of the time 
can be investigated readily. 

(7) The dynamic curve offers means of determining this part of the 
stress-strain curve in which Hooke’s law is reasonably valid. 

(8) The dynamic characteristic is so specific for individual yarns 
that it is possible to identify yarn derived from different manufacturers. 

(9) The effect of combinations of yarn with other materials, such as 
size, can be investigated in detail. Good size strengthens the yarn, so that 
the sudden increase of elongation in the neighborhood of the yield point 
is paralyzed, thus making it possible to utilize the yarn with the maximum 
permissible stretch. In addition, it improves the elastic recovery of the 
yarn-size combination. 

(10) The dynamic characteristic of virgin yarn and pre-stretched yarn 
is characteristically different. It can be determined in this manner whether 
a yarn has been pre-stretched by the producer, or whether a yarn has been 
stretched excessively during any of the manufacturing processes. 

(11) It is possible to determine in this manner the maximum per- 
missible tension on the yarn. 

(12) The method lends itself well also to crimpage measurements. 

(13) A ratio of strength to the total weight is derived. 


(14) The limitations of a minimum denier are defined. 
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To Finance Research on Throwing 


HE Textile Foundation has appropriated $2,500 for a study of synthetic 

yarn throwing by the Throwsters Research Institute, Inc., with the 

proviso that the latter organization raise an equal sum for the re- 
search. H. E. Bishop, executive secretary of the Throwsters Institute, states 
that a committee will be selected to supervise the research work and select 
the subject or subjects to be studied, but that a study of soaking un- 
doubtedly will be included. 

A fundamental study of the problems relating to the créping of viscose 
and acetate yarns has been on the list of U. S. Institute’s Research Council 
for a conference discussion. The handling of part of this work by the 
Throwsters Institute will make it possible for U. 8S. Institute to concentrate 
upon other equally important problems of créping and throwing. Sizing 
is also involved, and there may be an opportunity to show whether the work 
on three different related studies can be advantageously correlated. 





Dichroism of Dyed and Stretched 
Wool Fibres and Its Use in 


Revealing Structure 


By D. R. MOREY* 


Introduction 


T has long been known that wool fibres, unlike the cellulose fibres, exhibit 
no dichroism; in other words, dye particles in wool have no common 
direction of alignment or orientation with respect to the fibre axis. 

In 1896, Behrens’ wrote: ‘‘No dichroism could be produced on wool; 
on silk with only one of the dyes used (benzoazurin) was a weak dichroic 
effect produced with very strong dyeing; even weaker than that from 
wood cells which show only a dark grey as a polarization color.’’ 

Preston? states that, ‘‘Neither wool nor real silk has as yet been 
found to show dichroism when dyed. This is possibly due to the dyestuff 
entering into chemical combination with the fibre substance, rather than 
being taken up by directed adsorption, as in the case of cellulose.’’ 

However, in spite of these negative results, there is reason to expect 
that stretched wool might cause dichroic effects. For instance, Ambronn 3 
reported in 1888 that he observed weak dichroism in a strip of gelatine 
dyed with fuchsin which was swollen in water and stretched. When the 
strip was dried in the stretched condition, the effect was permanent. On 
page 180 of Ambronn-Frey, ‘‘Das Polarizations-Mikroskop,’’ we find the 
statement: ‘‘Isotropic gels, colored and then strained, or strained and 
then dyed, show the same dichroic phenomena as dyed fibres. This must 
be related to an alignment of the dye particles, be they in molecular dis- 
persion or crystalline aggregation. The greater the parallelism, the stronger 
the dichroism.’’ 

Zocher 4 reports stream dichroism induced in a suspension of rod- 
shaped, anisotropic particles by a flow of the medium through narrow 
channels, and also reports the production of dichroism by rubbing evapo- 
rated films of dyestuffs. The discovery, by W. T. Astbury of Leeds, of the 
remarkable changes in wool structure which occur when the fibre is con- 
siderably stretched, also suggests that it is reasonable to look for dichroism 
in stretched fibres.° 


° 

Experimental Results 
We shall now examine the experimental results, and then determine 
which of the various causes of dichroism is operative in those cases where 
it is found. Single fibres, from a sample of blended American wool re- 
ceived from the Arlington Mills, were stretched in boiling water and dyed, 


* Dr. Morey, as a senior fellow of the Textile Foundation, worked under the direction of 
Prof. Ernest Merritt, Dept. of Physics, Cornell University, Ithaca, N. Y. 
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and also dyed in the normal condition and then stretched. They were then 
examined for dichroism (and polarized fluorescence, if the dye was fluore- 
scent) by rotating a microscope analyzer and looking for intensity changes 
in the transmitted light. The light was filtered in each case to produce a 
band of wavelengths lying within the absorption band of the dye. The 
observations were qualitative only, and not designed to detect very small 
amounts of dichroism. The dyes were obtained from the DuPont Company 
through the courtesy of Dr. R. E. Rose. 


TABLE 1 


Dyes Showing no Dichroism 








Per cent Extension of the Fibre 





| Fibre 

dyed 

after 
stretching 


Fibre first dyed, 
then stretched 


88 77 

dye not fast to 84 
stretching process 
Pontacyl] Brilliant Red G 30 66 
Pontacyl Fast Violet R 30 65 
RRR SOR Cory 2h sere’ die este aah Sera not tried 68 
Azo Eosine G dye not fast 82 
Rhodamine B Basic dye not fast 70 
Rhodamine 6GDN = dye not fast 80 
Thioflavine TCN “ dye not fast 77 
Ponsol Yellow G double powder Vat 46 70 
Ponsol Yellow GGK Paste........... o not tried 81 
Sulfanthrene Yellow R " dye not fast 76 
Chrysophenine G Direct 43 70 
Sulfogene Yellow GA Sulfur 56 76 





Tartrazine O 
Anthraquinone Rubine R Cone 

















TABLE 2 


Dyes Producing Dichroism 








Per cent Extension 
of the Fibre 
Strength 
of 
Dichroism 





Fibre dyed 
after 


Fibre first 
dyed, then 
stretched 


stretching 





Quinoline Yellow P extra....} Acid 
Victoria Green Basic 
Methyl Violet “ 
Ponsol Flavone GC... Vat 





dye not fast 
dye not fast 


49 
40 


81 

67 

71 
not tried 





weak 
fair-good 
very weak 
fair 





In no ease in Tables 1 and 2 was dichroism observed in an 


fibre. 


unstretched 
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Discussion 


We may safely assume that the dichroism is inherent in the individual 
dye molecules or particles attached to the fibre,¢ and that these particles 
are anisotropic, so that the dichroism is not of the form type which Wiener 7 
has shown may arise from a system of two isotropic constituents of differ- 
ing index and absorptive properties. It might be thought that the dichro- 
ism arises because the dye particles are aligned, when the fibres are 
stretched, by forces of large scale mechanics similar to the dichroic align- 
ment produced by the flow of liquids. That this is not the cause is shown 
by the appearance of dichroism in fibres dyed after being stretched. 

In the case of some isotropic gels such as collodion, where dichroism 
may be induced by stretching, the elongation results in an alignment of 
micelles, and then dichroism may arise either through oriented deposition of 
anisodiametric particles in the interstices, or directed adsorption on the 
surfaces of the micelles. But this is hardly the case here, for the micelles 
in wool are not nearly as resistant to penetration and breakdown during 
dyeing as are those of cellulose. Speakman 8 has presented strong evidence 
to show that in acid dyeing the dye is chemically bound to groups within 
the micelle. Furthermore, the change of X-ray pattern upon stretching 
indicates that the alignment is taking place on the protein chains, and is 
not a movement of a group of chains acting as an unchanged unit. 

The most plausible explanation of the results is obtained with the aid 
of Astbury’s ingenious theory of wool structure, which accounts with con- 
siderable success for the X-ray diffraction and elastic phenomena. It is 
beyond the scope of this short paper to give a detailed review of this theory, 
but it is desirable to state the broad outlines. Wool is composed of long 
chains of polypeptides which are crumpled, or have folds, in the normal 
state of the fibre. These chains, composed of parts of amino acids, are 
linked together by side chains into a grid-like structure. The side chains 
are not all alike, but characterize the various amino acids found when wool 
is disintegrated. These side chains are linked to each other in a variety 
of ways, and thus serve to knit together the main chains. When the wool 
fibre is stretched with the aid of water to large extensions, the main chains 
are straightened out and extended, and some of the side chain links broken 
and reformed in different positions. 

Therefore, if dichroism is to be produced upon stretching the fibre, it 
could appear only with those dyes which are bound to groups experiencing 
considerable rearrangement into an orderly array during stretching. Such 
dyes must be attached either to groups or chains whose bonds are broken 
and reformed, or to groups allied closely with the folds in the main chain 
which are removed when the main chain is straightened. Thus, the ap- 
pearance of dichroism depends chiefly on the chemical nature of the dye 
and the part of the wool structure selected for union. A knowledge of the 
group which binds a dye showing dichroism would thus tell us the points 
in the structure where bending or reforming goes on. In other words, the 
dichroic dyes would serve as markers or tags to label those particular parts 
of the grid structure. 

From Speakman’s* work, we may infer that acid dyes are bound to 
certain parts of arginine, lysine and histidine. Unfortunately, the evidence 
is not at hand to tell us which of these takes up Quinoline Yellow P extra. 
Speakman’s view that precipitation may also occur by neutralization of 
charge between micelle and dye (P. 190) does not seem to contain a means 
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of explaining dichroism. The assumption that such a process goes on 
simultaneously with one producing dichroism would account for the rather 
low intensities observed. 

The stretched fibres were observed to be more heavily dyed than the 
unstretched, in agreement with the findings of Eléd.® His theory, proposed 
in order to account for this extra dye takeup, that if wool is stretched 
some secondary valences may be temporarily freed and oriented alongside 
the main chain, has similarities with the ideas just developed. 

The number of dyes examined is but a small fraction of the number 
suitable; for example, the whole mordant class has been untouched. The 
possibilities are intriguing that some dyes may be found to give quite 
strong effects. With a greater number known to be dichroic, the location 
of the groups undergoing rearrangement during stretch will be less diffi- 
cult. 
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** Prosecution of Research ” 


In its semi-annual editorial inventory of the status of the textile in- 
dustry Textile World lists four ‘‘musts’’ of all the things that should be 
done. They are as follows: 

‘¢1, Preservation of social gains. 

2. Continued cultivation of the merchandising factor. 

3. Modernization of plant and equipment. 

4, Prosecution of research: From an industry-wide standpoint, the 
activities of the Textile Foundation, the U. S. Institute for Textile Re- 
search, the American Association of Textile Chemists and Colorists, and 
other agencies, deserve intelligent understanding and support. From the 
individual standpoint, practical utilization of their findings is just good 
business. That ought to be enough on that.’’ 





The Microbiology of Textile Fibres* 


By BRYCE PRINDLE {+ 


Summary 


N two previous reports ** to the Textile Foundation a plan for 

a general experimental survey of the numbers and kinds of 
micro-organisms associated with textile fibres and the biochem- 
ical changes which such organisms can induce has been out- 
lined ; a comprehensive review of the literature of cotton micro- 
biology has been presented; the development of methods for 
the experimental study of the micro-flora of fibrous samples has 
been described; and the application of the adopted method to 
the microbie analyses of several groups of cotton fibre samples 
has been recorded and discussed. 

The report now presented deals with two additional funda- 
mental applications of the same methods: (1) An experimental 
study of the micro-flora of commercial raw cotton fibre. (2) A 
review of the microbiology of wool as reported in the literature, 
and an experimental study of the micro-flora of high grade com- 
mercial samples of back and shoulder wool. 

In the ease of raw cotton, 14 samples of baled fibre were 
studied. Thirteen of them were found to have a high degree 
of contamination with molds and bacteria of types common to 
soil, air, water, and decaying vegetable material. The micro- 
flora of samples taken from the periphery of bales was made up 
largely of resistant types of organisms similar to those previ- 
ously found in samples of cotton 1tong held in storage. The 
micro-flora of samples from the centre of bales more nearly re- 
sembled that of fresh seed cotton. <A test of the ability of the 


* This investigation has been carried out in partial requirement of the work 
for the degree of doctor of philosophy at the Massachusetts Institute of Technology, 
is published with the permission of the Department of Biology and Public Health, 
and is Contribution No. 62 from that department. 

+ Dr. Prindle is a Senior Fellow of the Textile Foundation working under the 
direction of Dr. Samuel C. Prescott, Massachusetts Institute of Technology, Cam- 
bridge, Mass. 

** Ter. Rsch., Vol. IV, Nos. 9, 10, 12; Vol. V, No. 1 (1934). 
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more abundant types of organisms to damage an untreated cot- 
ton yarn when grown upon it in pure culture showed that only 
three molds were capable of causing gross structural damage, 
but the majority of mold and bacterial cultures isolated were 
able to cause marked discoloration. 

The study of wool microbiology was initiated with an ex- 
haustive review of the literature. The complete literature of 
wool microbiology up to 1935 is indexed and briefly reviewed in 
this report. 


Cross-Section Diagram of Cel! Parts 


Structure of Cotton Hair (Diagrammatic) 


Experimental methods as developed by the use of cotton 
were found to be suitable for the study of wool. In the analysis 
of the microbie population of ten samples of back and shoulder 
wool 550,000 to ec. 400 * 16° bacteria and < 300 to 4,200 molds 
per gram were counted. In shoulder wool, it was found that 
less than 10% of the total bacterial population were spore-form- 
ing. All of the molds and many of the bacteria were typical 
saprophytes. <A large proportion of the bacteria, however, were 
types which have been designated ‘‘facultative parasites’’ and 
hence might be present in wool as ‘‘native’’ types. Generic 
identifications were established as follows: 
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Molds—Stemphylium, Odspora, Alternaria, Mucor, 
Penicillium. 

Bacteria—Rhodococcus, Micrococcus, Sarcina, 
Achromobacter, Serratia, Flavobacterium, Ba- 
cillus. 

Yeasts—several cultures not identified. 


A comparison of the numbers and kinds of microorganisms 
on back and shoulder wools showed no contrast in the flora from 
the two sources. 

Of the bacteria isolated in pure culture, only the Bacillt 
were active digesters of starch, gelatin, and milk proteins. 
These substances were vigorously digested by the majority of 
the molds isolated. 

Growth of the pure cultures on test skeins of a clean worsted 
yarn yielded the following results: 

1. One or two non-sporulating, pigmented cultures of bac- 
teria caused staining but no structural damage. 

2. Of 35 pure cultures of Bacilli, 9 caused disintegration of 
the fibre but little discoloration. 

3. Among the molds, Alternaria, Stemphylium, and Odspora 
caused rapid discoloration and loss of strength. Other mold 
types were destructive but less active. 

A series of observations on a single lot of wool in process 
indicated that scouring caused important changes in the micro- 
flora of raw wool, in that most of the non-spore-forming bacteria 
and the most actively destructive molds were either removed or 
inactivated. A large proportion of the highly destructive Ba- 
culli, however, remained viable in the wool after scouring. 


Introduction 


N two previous reports* of the research in Microbiology of Textile 
I Fibres, we have reviewed the literature of cotton microbiology; have 
described original experimental work in the development of methods 
for complete investigation of the aerobic micro-flora of samples of textile 
fibres; and have presented and discussed the results obtained by the appli- 
eation of the final scheme of microbie analysis to the study of samples of 
fresh seed cotton, picker waste, baled raw cotton stored in glass for a 
period of one year, and cotton sliver similarly stored. 
This, the third report, deals with two phases of the progress of the 
research : 
* Tex. Rsch., Vol. IV, Nos. 9, 10, 12; Vol. V, No. 1 (1934). 
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III.—A continuation of the experimental investigations in the micro- 
biology of cotton fibre. 

IV.—A bibliographical and an original experimental study of the mi- 
crobiology of fresh samples of clipped raw wool. 


Ill. Raw Cotton 


Having previously (1934, Prindle) * ascertained the numbers and kinds 
of molds and aerobic bacteria found on fresh seed cotton samples and 
samples of ginned cotton stored for a long period of time and the bio- 
chemical activities of the predominating types of microorganisms in pure 
culture, two questions of major importance remained to be answered by 
experimental investigation: 

1. What are the numbers and kinds of microorganisms which are to 
be found on samples of raw cotton in commerce, and how does this popula- 
tion compare with that found previously in seed cotton and stored raw fibre? 

2. Which of the types common to commercial raw fibre are capable of 
causing serious changes in fibre characteristics in the presence of nutrient 
substances usually associated with raw cotton? 

The answers to these questions were sought in an experimental study 
of 14 samples of commercial raw cotton. 


Experimental 


The methods for counting, isolating, and pure culture studies of molds 
and bacteria were the same as those used in the previous experimental work 
on cotton fibre microbiology. The experimental data follow. 

Baled raw cotton.—This group of samples may be divided into two 
sub-groups: (@) samples taken from the centre of newly opened bales; 
(b) samples taken from the outside surface of bales. The majority of 
them were put directly into glass jars. A few, however, were tightly 
wrapped in paper for transport to the laboratory. Contamination by 
handling was carefully guarded against in all cases. All of the samples 
were clean and dry when collected. 

(a) Samples From the Centre of Bales: 
Sample No. 45. Av. Gov’t 1-1/32”", standard bale, from Memphis, 
Tennessee. 

Sample No. 46. Av. Gov’t 1-1/32”, high density bale, from Gal- 

veston, Texas. 

Sample No. 47. Av. Gov’t 1”, low density bale, from Memphis, Ten- 

nessee. 

Sample No. 48. Av. Gov’t 1”, high density bale, from Muskogee, 

Oklahoma, 

Sample No. 54. Middling, high density bale, from Los Angeles, Cali- 

fornia. 

Sample No. 56. Middling, high density bale, from Phoenix, Arizona. 

Sample No. 57. Middling, high density bale, from Phoenix, Arizona. 
(b) Samples From the Surface of Bales: 

Except in cases noted, these samples were taken from just within the 
surface of bales in such a way that the soiled and contaminated fibre on 


* The complete bibliography will appear with the final instalment of this 
report. 
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the extreme outside of the bale was not included in the sample, but not 
far enough within the bale to exclude the possibility that the sample had 
been continuously or at least intermittently exposed to atmospheric fluc- 
tuations. 

Sample No. 40. From just beneath outside pti of bale. 

Sample No. 41. From just beneath outside layer of bale. 

Sample No. 43. From just beneath outside layer of bale. 

Sample No. 44. Taken from the soiled layer on the outside of a bale. 

Sample No. 49. High density bale from Mississippi. 

Sample No. 51. Loose bale from Memphis, Tenn. 

Sample No. 52. Loose bale from Galveston, Texas. Classed as low 

grade cotton. 


SAMPLE WO. 45 


DESCRIPTON. Cotton, RAW, FROM CENTRE OF BALE 
DATES. Collected- Dee.27.193% Cultures made — DEC.3), 1934 


TOTAL COUNTS - 
Culture media Bacteria 


Czapeks agar acid: fied t 
Synthetic malt ager 24*10 
Nutrient ager v.1* 10° 


PURE CULTURE CHARACTERISTICS _ 


No Genus 4 M«roscopical Cultural 
4 | 
| § 


e 
£ 


Nitrate agar 
Chromogenesis 


' [Aspergillus So} 
ML [Rormadendrum 2.0) 
M3 Oospora 





Me Perverllium 





si jo} oS*lLo 
B87 (yeast) he! + ° | 


BS ‘Adhomobacker lo - 2 | esst.o} 
B34 Serratia 5 To 03+1.0 


R10 | Flavobacterwm is: - vo! Ores 














EMD Favobacterwum| 10 | + To] Os«to 


Bir Favcbarterwm 10) + [ol | ewsoe, 
Ri3 ‘Achromabacler LSsi= Tol 











* Note: The typing of bacterial cultures, recorded on this data sheet as 
generic names, is based on observations of agar slants, Gram stains, and spore 
stains. Hence, the identification of the genera Achromobacter, Flavobacterium, 
pel an ten and Rhodococcus is tentative. The generic names are used in this 

“ase because of the fact that members of the genera indicated have been previ- 
pene a isolated from seed cotton, and have doubtless survived the processes of 
ginning and baling. 

For key to symbols used on data sheets, see appendix. 
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TABLE 1 


Samples 40, 41, 43 


Description: Raw cotton from just inside the bale at the warehouse. 
Dates: Collected—Oct. 4, 1934. Cultures made—Oct. 5, 1934. 
Total Counts: (per gram). 











Czapek’s Agar Synthetic Nutrient 
(acidified) Malt Agar Agar 





8.5 X 10° 





3.1X 10° 
<300,000 


0.70 < 105 2.0 X 10° 
<300,000 — 











Sample 44 


Description: Raw cotton from soiled layer on surface of bale in warehouse. 
Dates: Collected—Oct. 4, 1934. Cultures made—Oct. 5, 1934. 
Total Counts: (per gram). 


Czapek’s Agar | Synthetic Nutrient 
(acidified) Malt Agar Agar 








— 7.5X10° | 20.0 10° 
33,000 = — 














Appearance of Cultured Plates at Time of Counting.—In a study, 
previously reported (1934, Prindle), it was noted that plates, cultured from 
samples of fresh seed cotton and from samples of stored raw cotton for 
the purpose of counting molds and bacteria, had an appearance which was 
characteristic with respect to the group of samples from which they were 
inoculated. Moreover, it was found that the appearance of these plates 
was correlated with the genera of molds and bacteria which were isolated 
from them. Using the plates of nutrient agar and acidified Czapek’s agar 
as test media, the micro-flora of seed cotton was found to be more numerous 
and more varied than that of stored raw cotton. The molds characteristic 
of stored samples were Aspergilli and Penicillia with a few other forms. 
In the case of seed cotton, more varied types were present and molds of 
the genera Hormodendrum, Alternaria, and Odspora or Monilia predomi- 
nated. The bacterial flora of stored samples was made up of slightly pig- 
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mented types, usually members of the genus Bacillus. That of seed cotton 
was composed of many different pigmented types. 

As one might anticipate, the appearance of plates made from fresh 
samples of commercial raw cotton was intermediate in this respect. Some 
displayed the brilliance and variety of colony types found in the case of 
fresh bolls. Others more closely resembled the sombre and monotonous 
types of plates cultured from stored samples. 

Effects of the Growth of Pure Cultures on the Fibre.—In a previous re- 
port (1934, Prindle), the biochemical activity of molds and bacteria iso- 
lated from seed cotton toward various protein and carbohydrate substrata 
was discussed, and experimental data interpreted in terms of microbic 
deterioration of sizing materials. In addition to this it was considered 
important to study the effect of the natural contaminants of cotton on the 


Preparation for 
Experimental 
Mildewing 
of Yarns. 


—Skein Holder 


— Nutrient Selution 


Preparation for Experimental Mildewing of Yarn 


fibre itself. An experiment was therefore performed with the idea of 
providing a number of widely differing types of molds and bacteria with 
the nutrient substances from cotton fibre under optimum conditions for 


growth. 

Small skein holders were made from 4 mm. glass rod. These were 
about 7.5 em. long and hooked at the ends. They fitted easily into 6-inch 
test tubes. (See illustration.) The fibre used for the test material was a 
good grade of fibre in the form of warp yarn. Fifteen complete turns were 
wound onto each holder. These were then put singly into 6-inch bacterio- 
logical culture tubes. 

Cotton extract broth was then prepared from a good grade of raw 


cotton. This was dispensed into the above mentioned tubes, about. 8 ce. 
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to each tube. Cotton plugs were then inserted in the usual manner and 
the whole was sterilized by intermittent steaming. After heating in flowing 
steam for one-half hour on each of three successive days, sterility was at- 
tained as proved by the absence of growth in all of 20 uninoculated control 
tubes which were incubated with the inoculated tubes for two weeks at 
25° C. 

The result of this preparation was a sterile medium consisting of cot- 
ton constituents, soluble and insoluble, plus an abundant moisture supply. 
A wide range of growth conditions was available because in each tube a 
total of 30 strands of yarn dipped into the broth at one end and extended 
well above it at the other. Organisms favored by a limited air supply 
could grow in the lower part of the liquid. Highly aerobic types, such as 
molds, would find an abundant moisture supply in the upper parts of the 
skein because of the capillarity of the closely wound strands. 

fach of the pure cultures previously isolated from baled raw cotton 
samples, numbered 45, 47, 48, 49, 51, 52, 54, 56, and 57, was then inocu- 
lated into two of the prepared tubes. These were incubated at 25° C. for 
14 days. 

At the end of that period, the following observations were made: 

(A) Growth. The controls and the test cultures were examined for the 
presence of growth. 

(B) Gross damage to the yarn. 

1. Discolorations. Yarn from the controls and the inoculated 
tubes was examined both by true daylight and under a strong 
‘“daylight’’ lamp. 

2. Loss of strength. One of the test skeins from each set of 
duplicates was cut from the holder. Single strands of this 
were tested by breaking (tension) with the fingers. Loss of 
strength was recorded as ‘‘0,’’ ‘‘partial,’’ or ‘‘complete.’’ 

Controls ——Twenty tubes, prepared as above, were used as controls for 
this experiment. These were incubated without inoculation for 14 days. At 
the end of that period the skeins were withdrawn and examined. They were 
found to be uniform in strength and coloration. They exhibited an even 
pinkish-brown stain, due no doubt to color taken up from the cotton ex- 
tract broth in which they stood. At the top of each skein, there occurred 
a dark brown discoloration which had probably resulted from the concen- 
tration of the solution at that point by evaporation. This part of the 
skein was not used in recording the ability of organisms to stain the fibre. 
The strength of the controls had not been markedly diminished by the 
sterilization but seemed, if anything, to have been slightly increased. 

Mold Cultures.—All of the cultures inoculated grew well on the medium. 
The most vigorous development was at the surface of the liquid. In most 
cases, however, there was a moderate growth over the entire exposed part of 
the skein, but none upon the submerged portion. Sporulation was well ad- 
vanced in most cases and colored species caused a discoloration for this 
reason. In addition to this, a few cultures produced a stain which was less 
easily removed by brushing or shaking. The former will be referred to as 
a ‘spore discoloration,’’ the latter as a ‘‘stain’’ in Table 2. 
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TABLE 2 





Spore Loss of 


Genus 
st Discoloration Strength 


Aspergillus Black 0 
Hormodendrum Black 0 
Odspora 0 0 
Penicillium Green Partial 
0 Partial 
Mucor 0 0 





oor wWNe 


Odspora 0 0 


_ 


Aspergillus 0 
Hormodendrum 0 
Complete 


Odspora 


Penicillium 
Aspergillus 


Aspergillus 
Penicillium 
Aspergillus 
Penicillium Brown 


coco ooo oo 








Bacterial Cultures.—Growth was observed in all of the inoculated tubes. 
In contrast to the growth of molds it was less commonly localized at the sur- 
face of the liquid. When staining was induced, however, it usually appeared 
at the broth-air junction. After the cultures had been incubated at 25° C. 
for 14 days, the skeins were removed from the holders and examined for 
discolorations. They were then dried in the air and re-examined for dis- 
colorations and tested for loss of strength. 

Loss of strength—None of the bacterial cultures used in this experi- 
ment caused any marked weakening of the test yarn. 


Interpretation of Data 


Number of contaminants.—Using the counts obtained with nutrient 
agar and Czapek’s agar for bacteria and molds respectively, the number 





TABLE 3 
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Type * 


Discoloration 





Dry 





Yeast 
Achromobacter 
Serratia 
Flavobacterium 
Flavobacterium 
Flavobacterium 
Achromobacter 


Flavobacterium 
Flavobacterium 
Yeast 

Flavobacterium 
Achromobacter 
Flavobacterium 


Achromobacter 
Achromobacter 
Flavobacterium 
Achromobacter 
Flavobacterium 
Flavobacterium 


Achromobacter 
Flavobacterium 


Bacillus 
Bacillus 
Bacillus 
Micrococcus 
Rhodococcus 


Bacillus 
Bacillus 
Achromobacter 
Bacillus 
Achromobacter 
Actinomyces 





(test 


Brown 
0 
0 
Brown 


0 


Brown 


Brown 
0 
0 
0 


o o ooo oo 


Ta 


ono 


Grey 


Brown 
Brown 
0 
0 





Brown 
0 
Brown 
Red 
0 
rejected) 
Brown 
Brown 


Brown 
0 
Brown 
Brown 
Brown 
Brown 


Brown 
Grey 

0 

0 

0 
Orange 


0 


Brown 


0 
0 
0 
rejected) 
0 


0 
Brown 
0 
0 
0 
Rusty brown 


Brown 
Brown 
Tan 
Tan 





* Note.—The typing of bacterial cultures, recorded in the table as generic 
names, is based on observations of agar slants, Gram stains, and spore stains. 
Hence, the identification of the genera Achromobacter, Flavobacterium, Micro- 


coccus, and Rhodococcus is tentative. 


The generic names are used in this case 


because of the fact that members of the genera indicated have been previously 
isolated from seed cotton, and have doubtless survived the processes of ginning 


and baling. 
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of organisms per one gram sample of raw cotton from bales was found to 
be as follows: 


TABLE 4 











Bacteria 





Sample Group 
Log 10 


Number % 
No. 








A. Samples from centre of 
bales | 4 8.7X10° | 6.940 


19.5105 | 7.290 
20X10°| 7.301 
7.0X 10°} 6.845 
200,000 | 5.301 
100,000 | 5.000 











B. Samples from surface of 
BMC sie eae ene Ronee wees 8.5X 10° | 6.930 
6.0X10° | 6.778 
2.0X10°| 6.301 <30,000 
20X10° | 7.301 33,000 
95,000 | 4.978 69,000 
3.0X10°| 6.477 60,000 
<300,000 | 5.477 <3,000 








From this tabulation it is evident that the difference in counts obtained 
from samples from the centre cf bales and from the periphery of bales is 
no greater than the differences between counts from samples of the same 
group. Hence, the total counts of molds and bacteria cannot be correlated 
with the original position of the samples in the bales, 

A comparison of these figures with counts obtained in previous studies 
of the microbie population of samples of fresh seed cotton and raw cotton 
held in storage for a year or more shows that, on the whole, baled raw cotton 
contains larger numbers of molds and bacteria than the stored samples and 
fewer than the freshly gathered bolls. A few samples, however, yielded 
counts which were within the limits of both of the previously studied 
groups, as shown in Table 5. 

Types of Micro-organisms Isolated.—Study of the pure cultures iso- 
lated from fresh samples of baled raw cotton shows that samples from the 
centre of bales resemble fresh seed cotton in that their micro-flora was 
found to be largely made up of molds of the genera Hormodendrum, Fu- 
sarium, Alternaria, and Odspora, and many non-sporulating pigmented bac- 
terial types. The most important difference was the occurrence of large 
numbers of black-spored Aspergilli, which were rarely found in seed cotton. 
The microbic flora of samples from the surface of bales so closely resembled 
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TABLE 5 








Seed Cotton | Raw Cotton | Stored Cotton 
4 Samples 12 Samples 5 Samples 





Bacteria per gram 
Highest count.......| 620,000,000 20,000,000 830,000 
Lowest count 27,000,000 95,000 38,000 
Average............| 220,000,000 7,900,000 67,000 


Molds per gram 
Highest count 1,150,000 480,000 2,250 
Lowest count 50,000 <3,000 65 
BNCTROR 5.255 Slips 565,000 109,000 687 

















that isolated from samples of stored raw cotton (Aspergillus, Penicillium, 
Bacilli and Flavobacterium) as to be indistinguishable. 

This suggests that the relatively constant conditions of aeration, mois- 
ture content, and protection from light and heat energy found in the centre 
of the bale are more favorable to the longevity of non-resistant types of 
micro-organisms common to raw cotton, than conditions on the outside of 
the bale where wide fluctuations of moisture, temperature, and irradiation 
must inevitably occur. 

Damage to Test Yarn by Growth of Pure Cultures.—As already noted, 
all of the bacteria and molds isolated in pure culture from normal samples 
of raw cotton fibre grew well on the water soluble nutrients of the same. 
This is a convincing illustration of the fact that only an adequate moisture 
supply is necessary, in addition to the usual substances associated with 
commercial raw cotton, to establish conditions favorable to the growth of 
many different types of organisms. 

Turning now to the effects of mold growth on the test yarn, we find 
that only 3 of the 19 mold cultures isolated from raw cotton were capable 
of total destruction of the fibre under the conditions of the experiment. 
From the result of this test we might conclude that the other 16 molds 
isolated were incapable of attacking the cellulose of the fibre. It will be 
recalled, however, that in previous tests similar types of molds were found 
to utilize filter paper cellulose as their sole source of carbon. It would, 
therefore, be unwise to conclude that they cannot change cotton fibre struc- 
ture under suitable conditions. The marked discolorations produced by the 
spores and in many cases by the mycelium of the molds would be, without 
doubt, sufficient to lower the quality of a fibre sample in which they were 
present. 

In considering the effects of bacterial cultures on the test skeins, it is 
interesting to note that though none of the cultures caused serious weaken- 
ing of the fibre, many caused marked staining. In a few cases, the pig- 
mentation was yellow or red and was caused by the usual pigment of’ the 
culture as it appeared on nutrient agar. Such samples displayed the color 
when wet. Upon drying, the color was intensified, probably as a result of 
simple concentration of the pigment. In the majority of cases, however, 
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the coloration was light tan or brown. With some cultures this was visible 
before drying; with others it appeared after the skein was removed from 
the nutrient solution in the test tube and allowed to dry in the air. The 
latter suggests that some oxidation process may have been involved in the 
development of color. Whatever the origin of the pigment, it was definitely 
detrimental to the quality of the fibre. 


Conclusions 


The following conclusions are drawn from a study of the micro-flora 
of 14 samples of baled commercial raw cotton fibre: 

1. Of 14 samples, 13 were found to have a high degree of contamina- 
tion with molds and bacteria. 

2. The micro-organisms found were saprophytic types common to soil, 
air, and decaying vegetable matter. 

3. The micro-flora of samples from the centre of bales was similar to 
that of fresh seed cotton. 

4. The micro-flora of raw cotton samples from just within the outer 
layer of cotton bales resembled that of raw cotton which had been held in 
storage for a year or more. 

5. All of the molds and bacteria isolated in pure culture were able to 
grow readily on the water soluble substances of raw cotton. 

6. Of all the cultures isolated, only three molds were found to be 
capable of destroying cotton fibre structure under test conditions. 

7. The majority of molds and bacteria isolated caused serious dis- 
coloration of an untreated cotton yarn when grown upon it in pure culture. 


Appendix 


Key to Symbols Used on Data Sheets 
Total Counts 


Averaged counts of duplicate plates, reported according to the recom- 
mendations of the Society of American Bacteriologists (1925, Am. Pub. 
Health Assn.). : 

Culture Numbers 


Example: 11 M 7 means culture No. 7 from sample No. 11 is mold-like. 


Genus Name 


(*) indicates culture identified by microscopical and cultural char- 
acteristics as a member of the genus indicated but having a Gram reaction 
the opposite of most of the common forms reported in Bergey’s Manual 


(1930, Bergey). 
Percentages 
Example: 11 M 2, 75% means 75% of molds occurring on Czapek’s 
agar are of type 11 M 2. 
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Signs 


Gram stain +, positive; —, negative; +, variable. 
+, present; O, absent. 
Motility +, present; O, absent. 
Cellulose +, digestion or growth on. 
Starch change. 
Dextrin no action; A, acid; G, gas 
Maltose no action; A, acid; G, gas. 
Glucose no action; A, acid; G, gas. 
reduced; P, peptonized; A, acid; B, alkaline; R-C, 
rennet curd; A-C, acid curd; O, no change. 
+, liquefaction; O, no liquefaction. 
O, no reduction; NO,, reduced to nitrites; NH,, 
ammonia. 
Bl, black R, red W, white 
Br, brown G, green Gr, grey 
B, blue Or, orange O, none 
Y, yellow P, pink 


Habitat 


Culture medium. Medium from which the culture was originally isolated. 
N, nutrient agar 
Cz, Czapek’s soln. agar 
SM, synthetic malt agar 
Co, cotton extract agar 
S, suint agar 
nm, nutrient agar inoculated with pasteurized inoculum for spore count. 
Natural. As reported in Bergey (1930, Bergey). 
1, Habitat of saprophytic molds i.e. soil, decaying organic matter. 
2. Habitat of saprophytic bacteria i.e. soil, water, air, decomposing 
organic material. 
3. Habitat of saprophytic or facultative parasitic types i.e. soil, air, 
water, decomposing organic matter; or skin surfaces, pus, mucous 
membranes. 
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IV. Raw Wool 


Introduction 


HE study of wool microbiology, herein presented, may be divided into 
two parts: (I) A bibliographical review of the subject. (II) An 
original experimental research on the microbiology of raw wool. 

(I) Bibliographical Study. This is a summary. of the works of other 
authors on the nature and origin of wool fibre, and the microbiology of the 
raw fibre and finished fabrics. In the first part, such aspects of the his- 
tory of commercial wool fibre and its chemical and physical structure as are 
relevant to the microbiology of the fibre are briefly presented. 

The second part of this review is, firstly, a complete classified index of 
previous publications on the microbiology of wool, and, secondly, a brief 
summary of the articles cited. 

(II) Experimental. The objectives of this part of the research are 
to present in a comprehensive study of the microbiology of high grade raw 
wool samples, (1) a knowledge of the numbers and kinds of micro-organ- 
isms found, (2) an indication of the biochemical activities which would be 
expected from such a microbie population in the presence of certain carbo- 
hydrate and protein substrata, and (3) an estimate of the significance of 
the natural or normal micro-flora of raw wool in producing changes in the 
quality of raw and processed fibre. 


Bibliographical Study 
Index to Literature 


I—Origin and Nature of Commercial Wool Fibre. 
(1924, Matthews), (1926, Barritt), (1926, Trotman & Trot- 
man), (1929, Encyclopedia Britannica), (1929, Rimington), 
(1931, Barker), (1932, Harris), (1933, Astbury), (1933, 
Speakman & Hirst), (1934, Burgess), (1934, Freney), (1934, 
Goddard & Michaelis). 
II—Microbiology of Wool. 
A. Historical. 
(1892, Schimke), (1924, Burgess). 
B. Mildew damage in wool. 
(1924, Burgess), (1928, Bekker), (1929, Bull), (1929, Sed- 
don), (1929, Seddon & McGrath), (1930, Anonymous), (1930, 
Oxer), (1931, Barker), (1931, Waters), (1933, Wool Res. 
Lab., Glenfield, N. S. W.). 
C. Organisms capable of changing the characteristics of wool fibre. 
(1924, Burgess), (1924, Trotman & Sutton), (1925, Trotman 
& Sutton), (1928, Burgess), (1929, Bull), (1930, Anony- 
mous), (1931, Barker), (1931, Waters), (1932, Waters). 
D. Miero-flora of wool. 
(1925, Trotman), (1930, Bergey), (1932, Smith). 
E. Nature of the change which micro-organisms bring about in 
wool fibre. 
(1924, Burgess), (1924, Trotman & Sutton), (1925, Trotman 
& Sutton), (1928, Burgess), (1932, Waters), (1934, 
Burgess). 
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F. Detection and estimation of damage. 
(1904, Pauly), (1928, Sieber), (1928, Trotman), (1929, 
Burgess & Rimington), (1930, Rimington), (1931, Herzog), 
(1932, Hall). 

G. Factors predisposing to mildew. 

(1929, Burgess), (1930, Burgess), (1932, Grimshaw), (1934, 
Burgess). 

H. Inhibition of growth. 

(1928, Burgess), (1929, Bull), (1930, Burgess), (1931, Bur- 

gess), (1934, Burgess). 













Origin and Nature of Raw Wool 

Origin. Commercial raw wool fibre is obtained from several types of 
animals, the most important being a large number of species and varieties 
of sheep closely related to the common sheep, Ovis rusticus (L.). 

Many mammals possess two coats. One is the coarse and hairlike outer 
coat composed of straight and smooth surfaced fibres. The other is the 
inner coat of fine crimped fibres. The first type we may call a hair coat; 
the second a wool coat. The two types of fibre are further distinguished 
microscopically by the fact that hair consists characteristically of three cell 
layers—scales, cortex, and medulla; whereas wool has only two layers of 
cells, scales and cortex, with an occasional trace of medullary structure. 

It is not difficult to imagine the great advantages of the fine, crimped 
wool fibre over the straight slippery hair type for use in textile yarns where 
much depends on the ability of intertwined fibres to cling together. The 
tremendous economic importance of domestic sheep in the production of 
textile fibre is due to the fact that their fleece contains only one set of 
fibres—wool. 

Wool is taken from the sheep either by clipping the live sheep or by 
suitable chemical or bacterial processing of the pelt of the slaughtered 
sheep. Clipped wool is, in general, considered to be superior to corre- 
sponding grades of the latter type, known as ‘‘pulled wool,’’ and is of 
much greater commercial importance. Clipped wool has been used through- 
out this study. 

Components of the Fleece. Regarding the clipped fleece as a whole, 
we may say that it is made up of two classes of material: wool fibre, and 
material deposited on the fibre. The relative amounts of the substances 
present and the amounts of clean wool which may be extracted from a 
given weight of fleece vary within wide limits. Barker (1929, Encyclopedia 
Britannica) cites the data in Table 6: 
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Substances Deposited on the Wool Fibre.— 

Soil. Dirt, burs, and other substances mixed with the fibre and cling- 
ing to the fat. 

Fat. Often referred to as ‘‘yolk,’’ substances originating in the se- 
baceous glands; soluble in fat solvents, largely cholesterol; known as lano- 
lin when it contains about 30% of moisture. 

Suint. Substances from fleece which are soluble in warm water (1934, 
Freney) ; varies widely in individual fleeces; reaction, neutral or alkaline in 
normal fleeces; principal constituents are potassium soaps; no protein; 
small amounts of nitrogen as hippuric acid, urea, and ammonia; small 
amounts of Nat, Ca++, SO,--, Cl+, and CO,- -. 

Microscopical Structure of Wool Fibre. Wool fibre is multicellular 
and consists in large part of two fundamental layers, scale and cortex, with 
a rudimentary third layer, the medulla. The mechanical strength and 
fibrous nature of wool depend largely upon the cortex, which is made up 


Medulia ry cel/s 


Cortical,’spindle” 
cells. 


Surface aspect: ca Scales removed. 


Structure of Wool Fibre (Diagrammatic) 


of long spindle-shaped cells fastened together laterally by some adhesive 
or mechanical binding. The felting and dyeing properties of the fibre 
depend principally upon the resistant scales, which are fastened on the 
outer surface of the fibre in overlapping fashion, like the shingles on a 
roof. The cardinal points of wool structure are presented diagrammatically. 

Chemical Composition of Clean Wool Fibre. Upon analysis, wool 
fibre has been found to consist of several protein fractions (1926, Trot- 
man & Trotman), plus about 16% of moisture. These may be divided into 
three groups: keratin from the scales, keratin from the cortical cells, and 
the cementing material which holds the fibre elements in place. 

The most abundant protein of wool, and hence the most readily avail- 
able for study, is the keratin of the cortical cells. This has been found to 
have an isoelectric point at pH 3.4 (1932, Harris). It differs from other 
proteins by being quite inert and in having an appreciable sulphur content. 
The sulphur content of wools has been reported by Barritt (1926, Barritt) 
to range from 0.4-2.5%, and by Rimington (1929, Rimington) to range 
between 3.34 and 4.08%. All of the sulphur in wool is probably present 
as cystine (1929, Rimington). 

X-ray studies (1933, Astbury), physico-chemical studies (1933, Speak- 
man), and organic-chemical studies (1934, Goddard & Michaelis) on the 
properties of wool and keratin all indicate that the keratin molecule is 
made up of long chains of amino acids connected by peptide linkages, and 
bound together laterally by salt linkages of glutamic acid, aspartic acid, 
and histidine, and by oxidation linkages of cystine. Special properties of 
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wool are due to the cystine linkages as demonstrated by the results of 
Goddard and Michaelis (1934, Goddard & Michaelis), who succeeded in 
making a soluble protein from keratin by reducing this linkage. King 
(1934, King) successfully applied this knowledge in permanently correct- 
ing spirality in woolen fabrics by reducing the fibre and subsequently re- 
oxidizing it in the air under tension. 

The principal difference between the keratin of scales and of cortical 
cells is the greater resistance of the former to the action of chemical 
agents and the lack of histidine and tyrosine in its composition. 

That the material which cements together fibre elements of wool is of 
protein nature, is suggested by the fact that it can be digested by protein- 
digesting bacteria and by trypsin (1934, Burgess). That it is not carbo- 
hydrate in nature has been quite definitely proven by the researches of 
Trotman and Trotman (1926, Trotman & Trotman) and Teeters (1933, 
Teeters), who failed to detect any carbohydrate in clean wool fibre. It is 
very probably a protein substance which is more reactive than the keratin 
of the cells. 

History of Raw Wool Production. Since we are to be concerned here 
only with samples of clipped wool, the history of that type will be briefly 
reviewed with special attention to the incidents which affect the microbic 
population of the fibre. The period of growth usually allowed is one year. 
During this period, in which the fibre serves as clothing for the sheep, 
it is continually receiving fatty material from the sebaceous glands and 
water soluble material from the sweat glands of the hide. It is inter- 
mittently exposed to rain, wind, and sunlight, and receives much contami- 
nation with soil, manure, and feed-stuffs. 

From the results of chemical analyses of the materials found in the 
fleece after clipping, and the nature of its history during the year on the 
sheep, it seems inevitable that conditions of moisture, temperature, and 
food supply become, from time to time, adequate for growth of some of the 
many microbic forms which must inevitably find their way there. We 
might even expect to find conditions next to the skin of the animal ade- 
quate for continuous growth of certain types, and hence might expect to 
find, in the course of the ensuing study, forms characteristic of fleece wool. 

At the end of a year’s growth, during which time the sheep may be 
dipped in insecticide or fungicide, the entire coat of the animal is sheared 
off in a single piece, called the fleece. This is rolled up and tied with 
twine. A number of fleeces are then packed loosely in large sacks of jute 
or hemp and stored to await a favorable market. This period of storage 
may last from a few weeks to several years and would be expected to have 
a marked effect on the numbers and types of micro-organisms present in the 
fibre. A long period of storage in an atmosphere with low humidity would 
be expected to diminish the numbers of non-resistant types. On the other 
hand, the presence of small amounts of moisture at ordinary tempera- 
tures would make available a large variety of microbie food substances. 
That such conditions give rise to growth in stored fleece wool is attested by 
the frequent occurrence of badly spoiled fleeces in commercial lots. 

Fleece wool is converted into raw wool by sorting. 














































Review of the Literature of Wool Microbiology 

A. Historical. Damage to woolen goods by microbie agencies was 
reported as early as 1892 by Schimke (1892, Schimke). Writing from the 
viewpoint of a dyer, he described two types of ‘‘mildew-spots’’ formed in 
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woolen goods stored in damp condition. One type of spoilage was the ap- 
pearance of spreading spots. The affected areas were little damaged 
structurally but showed discolorations and spotty dyeing. The second type 
of spoilage was more serious. Small round spots appeared on the fabric 
which soon lost strength and showed faulty dyeing. Schimke noted that 
these spots were due to mold fungi, and reported a series of dyeing ex- 
periments to show that the mildewed areas were as a rule less deeply col- 
ored in the dye bath than the normal parts of the fabric. He also observed, 
microscopically, that coincident with loss of tensile strength by the fibre, 
it was more or less resolved into spindle shaped cells. 

The next important addition to the knowledge in this field appeared in 
J. T. I. for 1924, one of the first of a long series of contributions on the 
subject of wool microbiology by R. Burgess (1924, Burgess) of the British 
Wool Industries Research Association. In this paper, he dealt with the 
micro-biology of wool in general. Fibre was sterilized by intermittent 
steaming and then exposed to microbie attack. Many types of molds and 
bacteria were found capable of growing on the fibre and caused damage 
varying from slight discoloration to complete breakdown. The most de- 
structive agents were the aerobic Bacilli which were found to be active 
only at 100% relative humidity. 

Several common antiseptics were successfully used to stop bacterial 
growth, but failed to completely inhibit molds when applied in practicable 
concentrations. 

B. Mildew Damage in Wool. Following the early experimental work 
of Burgess, there appeared a series of papers describing mildew as an im- 
portant factor in certain problems of raw wool quality and in the spoilage 
of processed fibre. The relation of mildew to raw wool quality has been 
discussed at length by Barker (1931, Barker) in his book entitled ‘‘ Wool 
Quality.’’ 

One form of deterioration is ‘‘lumpy wool.’’ Bekker (1928, Bekker) 
ascribes the condition to a skin disease of sheep, occurring in South Africa. 
The ‘‘lump’’ is a matted mass of young wool hairs held together by a hard 
cement, presumably an exudate. This same ‘‘mycotic dermatitis’? has also 
been described by Seddon (1929, Seddon) in New South Wales and Oxer 
(1930, Oxer) in Tasmania. An organism causing the condition was iso- 
lated and described by Bull (1929, Bull). It is Actinomyces dermato- 
nomus (n. sp.), a soil organism. 

Certain pigmented bacteria may cause discolorations in wool even prior 
to clipping, as shown by the observations of several authors: (1929, Sed- 
don & McGrath), (1930, Oxer), (1931, Waters), (1933, Wool Res. Lab., 
Glenfield, N.S.W.). A green staining of fleeces was reported by Seddon 
and McGrath (1929, Seddon & McGrath). This was shown to be due to 
the growth on the sheep’s backs of a pigmented bacterium. The color 
produced was green in acid medium and was turned to brown by alkalies. 
A similar condition has been observed in New Zealand by Waters (1931, 
Waters), in Tasmania by Oxer (1930, Oxer), and in New South Wales 
(1933, Wool Res. Lab., Glenfield). The identity of the causative organ- 
ism has not been definitely established, but it is apparently quite similar 
to Pseudomonas fluorescens (1931, Waters). Pink and yellow discolora- 
tions have been frequently noticed and are often associated with the pres- 
ence of large numbers of bacteria (1924, Burgess). 

A more serious type of damage to unclipped fleeces has been reported 
by Waters (1932, Waters). The ‘‘pink rot,’’ caused by an organism 
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closely resembling Bacillus vulgatus, is first apparent as weakening, fol- 
lowed by complete disintegration of the fibre. Clipped wool is also sub- 
ject to the attack of the ‘‘pink rot’’ organism. 

C. Organisms Capable of Changing the Characteristics of Wool 
Fibre. The following organisms, all of which have been isolated from 
wool from time to time, are capable of changing its properties by growth 
upon it: 


Bacteria 
Spore formers— 
Bacillus vulgatus (?) (1932, Waters) 
a mesentericus (1924, Burgess) (1924, Trotman & Sutton) 
(1925, Trotman & Sutton) (1928, Burgess) 
subtilis (1891, Williams) (1924, Trotman & Sutton) 
(1925, Trotman & Sutton) (1928, Burgess) 
- megatherium (1924, Burgess) 
‘¢ brevis (1924, Burgess) 
‘¢  fusiformis (1924, Burgess) 
‘¢ mycoides (1925, Trotman & Sutton) (1928, Burgess) 
ef proteus (1925, Trotman & Sutton) 
Non-spore formers— 
Pseudomonas aeruginosa (?) (1931, Waters) 
Micrococcus luteus (1925, Trotman & Sutton) 
rs candicans (1925, Trotman & Sutton) 
Erythrobacillus prodigiosus 
Lactose fermenting bacterium (1924, Burgess) 
Molds 
Actinomyces dermatonomus (n. sp.) (1929, Bull) 
Penicillium (1924, Burgess) (1925, Trotman & Sutton) 
Penicillium brevicaule (1928, Burgess) 
Aspergillus (1924, Burgess) 
Aspergillus niger (1928, Burgess) 
Dematium (1924, Burgess) 
Fusaria (2 spp.) (1928, Burgess) 
Cephalothecium roseum (1928, Burgess) 
Acrostalagmus (1928, Burgess) 
Trichoderma (1928, Burgess) 
Yeasts 
(1924, Burgess) 

D. Microflora of Wool. With one exception little attention has, 
hitherto, been directed toward the enumeration and identification of the 
molds and bacteria which may normally occur on raw or processed wool 
fibre. Burgess has found nearly all of the bacteria and molds mentioned 
above on the raw fibre. The following were isolated from woolen fabrics by 
Trotman and Sutton (1925, Trotman & Sutton) : 


Bacillus subtilis 
es mesentericus 
hs mycoides. 
ae proteus 
Micrococcus luteus 
e candicans 

Penicillium sp. 

Several types of bacteria were isolated by Smith (1932, Smith) from 
scouring bowls and hence may be considered to have come from the raw 
fibre. These were identified generically. Smith states that their specific 
descriptions do not agree with any given by Bergey (Manual of Determina- 
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tive Bacteriology), (1930, Bergey). In his opinion, all of the bacteria in 
the scouring bowls do not come from the air in the mill and many of them 
may survive the scouring and drying treatment to appear in the finished 
product. The organisms he found are as follows: 


A. Bowl-scoured pulled wool. 
Staphylococcus sp. 
Bacillus 3 spp. 

B. Bowl-scoured grease wool. 
Bacillus 4 spp. 

Bacteriae (tribe) 1 sp. 

A variety of sporulating and non-sporulating bacteria and fungi have, 
therefore, been found to be associated with the wool fibre. There is, how- 
ever, no complete description of the microbic population which may be 
found in normal samples of raw wool. 

E. Nature of the Changes Which Micro-organisms Bring About in 
Wool Fibre. It was noted above that the growth of molds and bacteria 
on wool fibre produces marked changes in its dyeing and structural prop- 
erties. More recent research has revealed something of the nature of the 
microbie attack. The aerobic Bacilli are the most active in altering wool 
structure. Their action has been described by several authors: (1924, 
Burgess), (1924, Trotman & Sutton), (1925, Trotman & Sutton), (1928, 
Burgess), (1932, Waters). In experiments in which wool, sterilized by 
intermittent steaming, was inoculated with these organisms and incubated 
at 35-37° C., the following changes have been observed: (1) 1-4 days, 
swelling and shrinkage of the fibre. (2) Loss of scales. (3) 5-10 days, 
complete breakdown to spindle cells. The keratin does not seem to be at- 
tacked and only the Bacillus vulgatus type produces a pigment. Slight 
damage results in an increased affinity for acid and direct dyes. 

Non-sporulating bacteria grown on wool were found as a rule to cause 
pigmentation of the fibre and loss of scale, but little change in strength. 
Affinity for acid and direct dyes was also increased. 

Burgess (1928, Burgess) reported that eight common mold types caused 
marked discoloration of the fibre, but little structural deterioration. 

The same author has recently published an article (1934, Burgess) to 
show that the bacterial disintegration of wool fibre is very similar to the 
breakdown of the same in trypsin solution. He suggests, therefore, that 
the digestibility of wool by trypsin may be used as a measure of its 
liability to mildew. Beyond this, little has been published on the bio- 
chemistry of the breakdown of wool by micro-organisms. 

F. Detection and Estimation of Damage. From time to time methods 
have been developed for measuring damage to wool. Many of these are 
applicable to the study of mildew damage. In 1928, Trotman (1928, Trot- 
man) reviewed these methods. Staining with iodine was recommended for 
general microscopical examination, methods for estimating acid content 
with indicators were reviewed, and the estimation of soluble nitrogen de- 
scribed. 

In 1929, Burgess and Rimington (1929, Burgess & Rimington) de- 
scribed in detail the application of Pauly’s diazobenzenesulphonie acid 
reagent (1904, Pauly) to the staining of damaged areas on wool fibres. 
Rimington (1930, Rimington) subsequently modified the use of this reagent, 
substituting a quantitative color measurement for tedious microscopical 
examinations. 
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Benzopurpurin 10B (1928, Sieber) has been used in place of Pauly’s 
reagent for microscopical examination. Indigo-carmine (1931, Herzog) 
and methylene blue (1935, Elmquist) have also been used. All of the above 
methods have been reviewed by Hall (1932, Hall). 

G. Factors Predisposing to Mildew. Burgess (1929, Burgess) states 
that mildew in storage is usually caused by molds. Soaps and vegetable 
oils left on the fibre enhance mildew by serving as nutrients. Mineral oil, 
laurie and caprylie acids were described as slightly inhibitive. Grimshaw 
(1932, Grimshaw) has confirmed the above. Burgess (1930, Burgess) 
further states that acid or alkali left in the fibre renders it more susceptible 
to microbie attack by formaticn of degradation products. Removal of all 
impurities by thorough washing, and the formation of wool-chrome com- 
plexes, reduce the available food materials and reduce liability to growth 
of organisms. The relative humidity at which molds can grow on the clean 
fibre was found experimentally to be between 94 and 100%. Bacteria will 
grow only under conditions of actual wetness (1934, Burgess). 

H. Inhibition of Growth. With the exception of a note by Bull (1929, 
Bull) recommending sheep dips of weak copper sulphate solution as a 
preventive for lumpy wool, a large part of the important work on pre- 
vention of mildew of wool has been published by Burgess (1928, Burgess), 
(1930, Burgess), (1931, Burgess). 

Avoidance of the predisposing factors mentioned above is the foremost 
of these recommendations. When these factors cannot be avoided, anti- 
septics must be applied. The growth of spore-forming Bacteria and Asper- 
gillus was completely inhibited by application of many common antisepties, 
but very high concentrations were necessary. Recent experiments (1934, 
Burgess) indicate that salicylanilide and sodium silico-fluoride are more 
effective and may serve as practical mildew antiseptics for use on wool. 


Experimental 


Methods described previously (1934, Prindle) were originally designed 
to be suitable for studying the micro-flora of any textile fibre. Cotton was 
used in developing the procedure, apparatus, and media. It was necessary, 
therefore, to test the suitability of these methods for use in the wool study 
before starting the experimental work on a large scale. 

Some fleece wool was obtained from a sorting room and run through 
the regular routine of cutting, weighing, and shaking with water and 
shattered glass for separation and dilution of the micro-flora. The size 
of the apparatus made for cotton was found to be ample for the accommoda- 
tion of wool samples. A heavy suspension of dirt and particles of fibre 
resulted from the shaking procedure. The apparatus and methods for 
manipulation of the fibre were, therefore, judged to be mechanically correct 
for use on wool. ‘ 

There remained the question of the correct culture media for use in 
counting and isolating the microbie flora of raw wool. The reason for this 
question is evident if we compare the histories of the developments of 
cotton and wool fibres. 

It will be recalled that cotton has a peculiar history in that during the 
entire period of its growth it is sealed within the bolls of the cotton plant, 
and receives little or no contamination from without. At maturity it is 
suddenly exposed to multiple sources of contamination for a short period. 
When conditions are favorable to the development of high grade cotton, 
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the chances of microbie growth on the fibre during this period of exposure 
are rendered remote by the lack of moisture. After a. few days, it is 
collected and packed away in bales where only the small amount of fibre 
on the surface of the bale is exposed to further contamination. The inner 
parts of the bale are usually rendered unfavorable for the growth of micro- 
organisms because of their low moisture content. This led us to expect 
that cotton would have a micro-flora composed largely of saprophytic con- 
taminants. We would expect these to grow readily on common artificial 
media. Experimental studies have confirmed these expectations. 

Turning now to the history of the development of wool fibre, we find 
a very different series of events. During the entire period of its growth, 
which is usually one year, this fibre is exposed to climatic fluctuations at 
one end, and at the other is imbedded in the moist, warm skin of the 
animal. Substances which may serve as microbie nutrients are constantly 
secreted around it. From the fact that it is at all times exposed to the 
environment of the sheep, we may reasonably expect it to receive a heavy 
contamination with saprophytic organisms. These would be expected to 
prosper on the culture media used in the cotton study. Since the inner 
parts of the fleece are constantly warm and moist, however, certain types 
of bacteria and mold might become so characteristically established in that 
habitat that they would be classed as parasitic or at least native types. 
Media which were adequate for true saprophytes might not support the 
growth of these. 

After a critical study of the problem, which thus arose, two special 
media were tested for use in the study of wool micro-flora. 

One was a nutrient agar with 5% of glucose added, according to the 
suggestion of Henrici (1930, Henrici), to favor the growth of parasitic 
molds. When this was inoculated with a suspension of micro-organisms 
from raw wool fibre, it was quickly overrun with bacterial colonies in such 
a way as to exclude the possibility of counting the numbers of molds which 
grew, or of isolating them in pure culture. 

The other was an agar containing the water soluble substances of raw 
wool. Large numbers of bacteria from raw wool were able to grow on this 
medium, but growth was scanty and the dark color and slight turbidity 
of the medium rendered counting very difficult. Due to this poor growth 
obtained, differentiation of types was impossible. Cultures which were 
picked from these plates grew rapidly on nutrient agar slants. This in- 
dicated that they would have been successfully counted and more easily 
isolated by the use of nutrient agar. 

As the use of these two special media did not make possible any 
marked additional contribution to the knowledge of the numbers and types 
of micro-organisms occurring on raw wool, the three media originally pro- 
posed were used throughout the experimental work on wool. 

Because the aerobie Bacilli have been frequently described in the 
literature of wool microbiology as exceptionally active agents in the de- 
struction of wool fibre, special methods were added to the general plan 
of microbie analysis to insure their enumeration, and study in pure culture. 
A part (10 ce.) of the original dilution water from samples was pasteurized 
at 80° C. for 10 minutes and the resulting spore suspension used for the 
inoculation of a series of plates for counting and isolation. Nutrient agar 
was used as the culture medium. 


(To be continued) 
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I. Freres (SYNTHETIC AND NATURAL) AND FIBRE 
ANALYSIS 


New ARTIFICIAL FIBRES AND THEIR USE. Emil J. Simola. Teknillinen 

Aikak., 1935, V. 25, P. 152-6. 

Several new artificial fibres such as vistra, sniafil, cupramo, celafil, 
rhodia fibres, sedura fibres and the new rayon fibres, Celanese crepe, Cela- 
nese blanche, celarandum and celta are briefly described. The use and 
properties of the new staple fibres in woolen cloth are discussed. (From 
C. A., 1935, V. 29, Col. 4575.) (W) 


(ViscosE) Rayon AnD INsEcts. Emilio Debenedetti. Rusta, 1935, V. 10, 

P. 25-9, 91-5. 

The types of insects damaging viscose rayons are discussed. The 
macro- and microscopic morphological characteristics of the damaged zone 
of the fabrics and of the intact and injured unitary fibres are described 
and compared to those of insect-damaged wool. Possible means of preven- 
tion of such accidents are briefly discussed. (Copied complete from Chem. 
Abs., 1935, V. 29, Col. 3170.) (W) 


Woo: Errect oF TEMPERATURE ON THE MOISTURE REGAIN oF. A. C. Good- 

ings. Am. Dye. Rptr., 1935, V. 24, P. 109-12. 

Temp. as well as relative humidities influence the moisture regain of 
wool. The magnitude of this temp. effect for temps. within the atm. range 
has been measured at relative humidities ranging from dryness to satn. 
Curves and tables are shown and the results summarized as follows: (1) 
Regain curves have been detd. for Botany wool at 10° and 30°; (2) at 
this temp. range, the regain of wool decreases with increase in temp., the 
relative humidity remaining const.; (3) the magnitude of the moisture 
absorption hysteresis is less at the higher temp.; (4) between the temp. 
limits investigated, the av. change increases with increase in relative hu- 
midity up to about 80% relative humidity, followed by a decrease; and (5) 
the moisture-absorbing capacity of wool increases very rapidly at humidities 
approaching satn. (Copied complete from Chem. Abs., 1935, V. 29, Col. 
3521.) (W) 
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Woo.: Irs HyGIENIC CHARACTERISTICS. ‘‘De Chese.’’ Tex. J. of Aus- 

tralia, 1935, V. 10, P. 124-6, 

The hygienic characteristics of wool are discussed, with particular ref- 
erence to non-conduction of heat, hygroscopicity, felting quality, non-in- 
flammability and resiliency and lustre. (From J. T. I., Aug. 1935, P. 
A415.) (C) 


WooL: MANUFACTURE OF ARTIFICIAL. H. Yorke. Silk J., 1935, V. 11, No. 

129, P. 20; C. A., 1935, V. 29, Col. 4183, 4590. 

The coagulating bath consists only of H.SO, of low content and 
Glauber’s salt of higher content than for rayon. It is important to keep 
the compn. of the bath const. and in proper circulation. The S content is 
higher than for rayon and when extra S is added, in any of several ways, 
aluminates and resinates are added also. The curly fibres are formed by 
rapidly alternating heating and cooling. The moisture content must be 
as high as possible, approaching 12-16%. (W) 


WOOL: PRESERVATION OF—AGAINST HARMFUL INSEcTS. R. Burgess. Tez. 
Mfr., May, 1935, P. 204, 205, 208; J. Soc. Dyers Col., 1935, V. 51, P. 
81-9. 

Results of the author’s experiments for the British Wool Industries 

Research Association on various methods of mothproofing as described in a 

lecture to the Society of Dyers and Colourists. (C) 


Woo. Fisres: Errect or Heat on. K. Stirm and P. L. Rouette. Mell. 

Textilber., 1935, V. 16, P. 4-6. 

Raw wool fibres carefully spun to yarn, without having been subjected 
to heat, chem. or mech. effects, were heated in a thermostat provided with 
humidity control. The effects of four factors, temp., time, humidity and 
pH value, were detd. The amt. of NH, evolved by the yarn was taken as 
a measure of the decompn. of the wool. Curves are given showing the amt. 
of NH, as functions of the four factors. With increasing temp., especially 
above 100°, the NH, also increases with increasing humidity. Wool yarn 
treated with alkali evolves more NH, on heating than wool treated with 
acid. In a second group of curves the amount of H,S evolved from wool 
when heated is given as function of the four factors. The curves are similar 
to those obtained for NH, Wool subjected to heat shows under ultra- 
violet rays a greenish yellow fluorescence. Curves are also given showing 
the decrease in tensile strength and the change in thickness of wool yarns 
subjected to different temps. for various lengths of time. _ (Copied complete 
from Chem. Abs., 1935, V. 29, Col. 3521.) (W) 


Woot KERATIN: ALKALINE DECOMPOSITION OF. Mildred Barr and Rachel 
Edgar. Proc. Iowa Acad. Sci., 1934, V. 41, P. 170. 


The alk. hydrolysis of wool keratin effected in 10 hrs. at 25°, 40° 
and 55° has been followed by detn. of the wt., N, S and wet breaking 
strength of the residual wool fabric. The decrease in wt., N, S and wet 
breaking strength and the ratio of the S of the hydrolyzate to that of the 
residual wool have been shown to be greater, the greater the conen. of alkali 
or the greater the temp. The wt. of the residual wool has been shown to 
be a linear function of the alkali conen., the N and S to be functions of 
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the form, y= ax>. The ratio of S to N decreased with increasing conen. 
of alkali or increasing temp. (Copied complete from Chem. Abs., 1935, 
V. 29, Col, 3521.) . (W) 


Woo.u FINENESS IN STAPLES. Kamillo Kraus. Tex. Forsch., 1934, V. 16, 

P, 20-3; C. A., 1935, V. 29, Col. 4182. 

On testing wool hairs of equal quality and fineness for their firmness 
and tension the results show great variations because of the differences in 
the hairs. This difference in the hairs of the finished product is due to the 
fact that out of the numerous hairs which are close together in the crude 
wool staple no more than two are still close together in the final product. 
In order to obtain a uniform material for special examns. it is advantageous 
to employ the hairs from the same staple. In sheep the hair roots are 
close together in nests and the hairs in each nest are glued together to a 
strand by means of the wool fat coming from the sebaceous glands of the 
skin. The hairs from the same nest are quite irregular and vary in diam. 
from 13 u to 26 wu with an av. of 204. (W) 


Woo.: EFFECT OF ALKALIES ON. Milton Harris. B. S. J. Rsch., July, 

1935, P. 63-71. 

The author, who is a research associate at the Bureau of Standards for 
the A. A. T. C. C., presents data on the effect of various alkaline reagents 
on the physical and chemical properties of wool yarn. When wool is 
treated with dilute sodium-hydroxide solutions, a rapid splitting off of a 
portion of the sulphur occurs. On continued treatment, the sulphur con- 
tent of the residual wool approaches a constant value of about 1.8%. The 
results indicate that the alkaline treatment has changed a portion of the 
sulphur to a form which tends to resist further splitting from the molecule. 
Oxidizing and reducing agents attack the disulphide groups and make wool 
more susceptible to alkaline treatments. The susceptibility of untreated 
wool to alkaline reagents appears to be closely associated with the lability 
of its sulphur in alkaline solutions. (C) 


Il. YARNS AND FABRICS 


Fusep Couttar. A. A. Wynn. Tex. Wid., May, 1935, P. 71; abs. Tex. Mfr., 

June, 1935, P. 241. 

A description in outline of that type of fused cotton collar fabric that 
has, between two outer layers of cotton, a lining fabric the warp of which 
is drawn two ends of cotton and one end of acetate in each dent, and re- 
peated. Certain manufacturing difficulties are noted, particularly the 
effect of the acetate solvent upon certain colors commonly used in yarn- 
dyed and printed fabrics. (C) 


INFLUENCE OF Twist. W. P. Seem and Thurman Andrew. Tez. Wld., 

May, 1935, P. 77. 

Formulae are developed for determining the influence of twist on the 
relative shade and dullness of silk hosiery yarn, and data is tabulated for 
relative shadows of multiple twisted threads each strand of which has a 
given diameter, and for the relative dullness of one-way-twist multiple 
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threads. As dullness may be caused by other factors than twist allowance 
be made for them when present. (C) 


Ringe FRAME: DyNAmMIcAL SrupiEs. E. Honegger. Textilber., 1935, V. 3, 

P. 333-9; Tex. Mfr., July, 1935, P. 267-70. 

Methods and apparatus for the experimental determination of the 
power consumption and moments of rotation of ring spindles, the friction 
between travellers and rings, the air resistance acting on the balloon and the 
tension in the yarn at different points, are described. The results of meas- 
urements made in the spinning of cotton and the twisting of rayon are 
discussed and shown graphically. The coefficient of friction between the 
ring and traveller decreases with increasing velocity and with increasing 
normal pressure between the ring and traveller. It also depends on the 
nature of the yarn and is high in the twisting of rayon and low in the 
spinning of cotton. The difference is attributed to a vibratory motion of 
the traveller caused by the rough or irregular surface of cotton yarns. Air 
resistance on the balloon increases with increasing diameter of the balloon 
and with increasing speed of rotation and is greater with cotton than with 
rayon yarns. The tension in the thread shows on the whole an increase 
from the drawing rollers to the bobbin. The increase is not continuous, 
but involves a sudden small increase at the eyelet and a large increase at 
the traveller. (From J. T. I., Aug. 1935, P. A389.) (C) 


RuBBER LATEX AND ITs UTILIZATION IN THE TEXTILE FIELD. Raymond 
Thiébaut. Caoutchouc § Gutta-percha, 1935, V. 32, P. 17053-4; Chem. 
Abs., 1935, V. 29, Col. 3547. (W) 


SILK Hosrery YARN: INFLUENCE OF TWIST ON DIAMETER, SHORTENING AND 
DuLLNEss oF. W. P. Seem and Thurman Andrew. Tex. Wid., April, 
1935, P. 90-1. 

Formulae are developed, empirically for tram and mathematically for 
organzine and other cabled silk hosiery yarns, and results for various types 
of such yarns are tabulated showing diameters and percentage of shorten- 
ing, and, in the case of organzines, the percentage of dullness due to twist- 
ing. (C) 


TEAR AND Burst RESISTANCES OF TEXTILE FABRICS: COMPARATIVE INVESTI- 

GATIONS ON THE. H. Weinges. Tex. Forsch., 1934, V. 16, P. 61-4; 

C. A., 1935, V. 29, Col. 4181. 

The tear and burst resistances agree only in cotton and rayon fabrics 
manufd. from stretched viscose silk threads. For wool and normal rayons 
a factor must be applied which is const. for the same material and which 
is probably caused by the difference in the structure and the different ten- 
sion properties of the textiles. Possibilities for further research along 
these lines are pointed out. (W) 


TEXTILES IN TERMS OF Bopity Comrort. S. G. Barker. Report of Annual 
Meeting of British Association for Advancement of Science, Aberdeen, 
Sept. 1934, P. 289. (C) 

WooL: TREATMENT OF—IN ONE OPERATION BEFORE CARBONIZING. Fils et 
Tissus, 1935, V. 23, P. 353-5. 

After preliminary mechanical cleaning, wool washing and acid impreg- 
nation in preparation for carbonizing may be combined in one process by 
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the use of sulphuric acid and specific sulphonic acids of fatty alcohols, 
which act as the scouring medium. Two examples of the process are given. 
De-greasing by scouring in an alkaline bath and rinsing before carbonizing 
are rendered unnecessary. (From J. 7. I., Aug. 1935, P. A387.) (C) 


III. CHrEmicaL AND OTHER PROCESSING (Nor 
OTHERWISE CLASSIFIED ) 


ACID AND ALKALINE HyprROLYSES oF SILK Fiproin. Eunice Walde and 

Rachel Edgar. Proc. Iowa Acad. Sci., 1934, V. 41, P. 171-2. 

The acid and the alk. hydrolyses of silk fibroin have been followed by 
detn. of the N, wt., wet breaking strength and elongation at the breaking 
load of a degummed silk fabric after treatment for 10 hrs. with NaOH 
ranging from 0.0 to 0.5 N at 25° and 40°, HCl of conens. 0.0 to 2.0 N at 
40°, and with acid and alkali for one hr. at 100°. At 40° 0.5 N NaOH 
and 2.0 N HCl have the same effect upon N content and wt.; breaking 
strength is decreased 50% by 0.03 N NaOH and by 0.9 N HCl. (From 
C. A., 1935, V. 29, Col. 3522.) (W) 


ANTIOXIDANT PROPERTIES OF VEGETABLE LECITHIN. E.I. Evans. Ind. Eng. 

Chem., Mar. 1935, P. 329-31. 

‘*To study the use of vegetable lecithin as an antioxidant, cottonseed 
oil was selected as the base for oxidation. The vegetable lecithin was 
compared with several well-known antioxidants to determine its relative 
efficiency.’’ Article includes bibliography of subject. (C) 


CELLULOSE: Errect or CERTAIN Vat DYES ON—WHEN EXPOSED TO LIGHT 
AND ATMOSPHERIC INFLUENCES. C. M. Whittaker. J. Soc. Dyers Col., 
1935, V. 51, P. 117-26; C. A., 1933, V. 27, P. 3824; 1935, V. 29, Col. 
3843. (W) 


CELLULOSE ACETATE RAYON: SPECIAL DYES FOR THE DIRECT DYEING OF. 
A. Beretta. Boll. assoc. ital. chim. tessili color., 1934, V. 10, Nos. 
1-2, P. 14-20; Chim. et Ind., V. 32, P. 169. 

The dyes at present used for cellulose acetate differ from the other 
classes of dyes by their insoly. in H,O and by their mode of fixation, which 
consists in a colloidal, but irreversible, absorption. They are nearly all 
anthraquinone derivs., and are dyed in a soap bath at 60-70°; the function 
of the soap is not only to disperse the insol. dye, but also to swell the fibre 
so that it can absorb the dye. Absorption varies within rather narrow 
limits (0.25-1%). Different shades are obtained by varying the radicals 
substituted in the anthraquinone mol.; OH gives yellows aud oranges, and 
amines and their substituted derivs. give blues. (From C. A., 1935, V. 
29, Col. 3519.) (W) 


CEVENOL RAYON SIZE: APPLICATION. Tex. Rec., 1935, V. 52, No. 622, P. 

33; ef. J. T. I., May, 1935, P. A241.- 

‘*Cevenol’’ appears to be a slightly yellowish linseed oil emulsion of 
good stability. Sizing liquors ready for immediate use are obtained by 
merely diluting with hot water. Cevenol is not adversely affected by hard 
water and is suitable for sizing rayon yarn in both cone and hank form. 
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For warp yarns a small proportion of gelatin should be added to the 
normal Cevenol size. In a test on viscose yarn sized with Cevenol and then 
allowed to lie exposed to light and air for about three weeks it was found 
that the size was completely removed by scouring lightly with a dilute soap 
liquor and that there was no trace of unevenness on subsequent dyeing with 
a direct cotton dye. (C) 


CoLLoID-CHEMICAL PROPERTIES OF SULFUR Dyes. L. I. Belen’kii. Avnilin. 
Prom., 1935, V. 5, P. 11-18; C. A., 1934, V. 28, Col. 3906; 1935, V. 29, 
Col. 3519; Tex. Rsch., Oct. 1934, P. 586. (W) 


DEFECTS: SOURCES OF—WITH VARIAMINE BLUE-RESERVE ARTICLES. L. 

Mreule. Monatschr. Textil-Ind., 1934, V. 49, P. 293-4; C. A., 1935, V. 

29, Col. 3841. 

Defects are caused by incomplete rinsing of the alk. goods during 
naphtholization, excessive temp. variations, sublimation of the naphthol 
due to temp. differences around the wall of the app., the presence of acid 
vapors and diphenyl black in the room, ete. The use of monopol printing 
oil M has been found to be helpful. Various precautions are given. (W) 


DESIZING WITH ENzymMeEs. A. Molnar. Z. ges. Textil-Ind., 1935, V. 38, 

P. 108-9; C. A., 1935, V. 29, Col. 3845. 

The use of amylases and diastases in the cotton industry is discussed. 
The employment of starch paste in place of the more expensive glue in 
woolen and semi-woolen industries is described in detail. Advantages of 
the desizing of woolen goods are (1) facilitation of the washing operation, 


(2) simplification of washing process by combining desizing and washing, 
and (3) safer treatment with better washing results. (W) 


DETERGENT AND FINISHING AGENTS: New. R. J. Hannay. J. Soc. Dyers 

Col., 1934, V. 50, P. 273-82; C. A., 1935, V. 29, Col. 3070. 

A lecture. The requirements for textile finishes and the properties of 
the new types of assistants (sulfonated ales., ete.) are discussed in com- 
parison with soap, and in rglation to the selection of the most suitable 
agent in a given case. (W) 


Direct DyES: ASSAY OF—BY PRECIPITATION. Robert Marson. Tiba, 1935, 
V. 13, P. 67-91; Chem. Abs., V. 26, P. 2321. 
A description and discussion of the method of Trotman and Frearson. 
(From C. A., 1935, V. 29, Col. 3164.) (W) 


DysE SUSPENSIONS FOR PRINTED Fasrics: RAPID DETERMINATION OF GLYC- 
EROL IN. Anselm Bohanes. Chem. Obzor, 1935, V. 10, P. 28; C. A., 
1935, V. 29, Col. 3841. 

Weigh 10 g. of dyestuff into a calibrated cylinder, add 50 ee. abs. ale. 
and dil. to 100 cc. with Et,O. Shake thoroughly and allow to stand for 
one hr. Measure 25 ec. of the clear liquid and det. glycerol after evapn. at 
105°. (W) 
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DYEING: PrRoBLEMS IN. I. CHANGE OF DYESTUFF CONCENTRATION IN THE 
Dye Batu. Yukio Konishi. J. Soc. Chem. Ind., Japan 38, Suppl. 
binding, 1935, P. 110-12; C. A., 1935, V. 29, Col. 3841. 

The state of dyeing was expressed mathematically by a differential 
equation giving the concen. as a function of the diffusion of the dyestuff, 
accompanied by an adsorption or a chem. reaction by which the dyestuff is 
fixed on the fibre. (W) 


DYEING AND SIZING OF SEWING THREAD. G. Albien. Tiba, 1935, V. 13, P. 
163-7; C. A., 1935, V. 29, Col. 3841. 
A description of the various treatments (boiling, bleaching, dyeing, 
sizing), with practical operating hints and formulas. (W) 


DYEING CELLULOSE ACETATE WITH VISCOSE ReEsIST. P. Barsy. Rusta, 
1935, V. 10, P. 159-63; C. A., 1935, V. 29, Col. 3843. 
A brief discussion with practical operating directions. (W) 


DYEING OF CELLULOSE WITH DIRECT DYESTUFFS. IMPORTANCE OF THE 
COLLOIDAL CONSTITUTION OF THE DYE SOLUTION AND OF THE FINE 
STRUCTURE OF THE FispreE. T. H. Morton. Trans. Faraday Soc., 1935, 
V. 31, P. 262-84; C. A., 1935, V. 29, Col. 3165. (W) 


DYEING OF CoTTON: PARTICLE SIZE AND SUBSTANTIVITY. Samuel Lenher 
and J. Edward Smith. J. Am. Chem. Soc., 1935, V. 57, P. 497-503; 
C. A., 1935, V. 29, Col. 930, 3165. (W) 


DYEING OF UNION ALBENE-SILK Fasrics. P. Barsy. Rusta, 1934, V. 9, 
P. 890-5. 
Practical operating directions on the dyeing of union fabrics of natural 
silk and albene (acetate rayon delustered by pigmentation during spinning). 
(From C. A., 1935, V. 29, Col. 3165.) (W) 


DYESTUFFS: MEASUREMENTS OF THE DIFFUSION OF. E. Valko. Trans. 
Faraday Soc., 1935, V. 31, P. 230-45. 


Diffusion measurements according to the porous plate method showed 
that Orange II and Azogrenadine S were dispersed almost completely into 
single mols. Benzopurpurin 4B, Congo Red and Chicago Blue 6B were 
aggregated to ionic micelles. The aggregation increased with salt conen. 
The mechanism of the salt effect on aggregation and on the dyeing process 
was discussed. Diffusion of colloid ions of high valence in an excess of 
salt soln. can be used for caleg. particle size. (From C. A., 1935, V. 29, 
Col. 3164.) (W) 


Rayon Desizina Propucts: Composition. C. H. Fischer. Kunstseide, 
1935, V. 17, P. 20B-22; ef. J. T. I., 1935, V. 26, P. A246. 


Lists are given of German products for the removal of linseed oil, 
starch and other types of sizes from rayon, and the chemical nature and 
mode of application of each product are indicated. The possibility of dis- 
pensing with imported materials is discussed. (C) 
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SAFRANINE T. R. K. Eikhman and M. Ya. Illyukevich. Anilin. Prom., 
1935, V. 5, P. 22-8. 
A discussion of the literature with more than 50 references. (From 
C. A., 1935, V. 29, Col. 3520.) (W) 


SILK AND RAYON CREPE YarRNS. J. W. Pennington. Silk J., 1934, V. 11, 

No. 121, P. 23; C. A., 1935, V. 29, Col. 4181. 

The phys. properties of rayon do not lend themselves to the very high 
twists and high speed of twisting which is usually assoed. with silk yarns. 
A chem. treatment is proposed: For a 100-denier rayon twisted to 50-55 
turns, 3 lb. of gelatin is mixed with approx. 5 gal. of H,O, and heated to 
65° F. Fourteen gal. of soaking oil is mixed with 10 gal. of H.O, agitated 
and then added to the gelatin, the whole mixt. being then heated to 130° F. 
Fifty gal. of this is sufficient to soak 100 lbs. of yarn. This treatment 
assists the twist to set better and prevents creeping. (W) 


S1zZING, DESIZING AND DEGUMMING WITH ENZYMES. J. Evans. Tex. Mfr., 

1934, V. 60, P. 330-1; C. A., 1935, V. 29, Col. 4183. 

Enzymes are efficient and economical when used with reasonable care. 
For the three types, malt, pancreatic and bacterial diastases, various ap- 
plications are described. While each enzyme has a characteristic temp. 
and pH at which it produces liquefaction most efficiently, the broadness of 
the working range is important commercially. While desizing with mineral 
acids is possible, some tendering results, which is not so with enzymes. 
(W) 


Sizing or Rayon, SILK IN CoTTON Works. Gerhard Rammer. Monatschr. 
Textil-Ind., 1934, V. 49, P. 280-1; C. A., 1935, V. 29, Col. 3845. (W) 


Soap Soo.uTions: SELECTIVE ADSORPTION FROM. Harvey A. Neville and 
Milton Harris. B. S. J. Rsch., June, 1935, P. 765-70, Research Paper 
RP801; Am. Dye. Rptr., June 3, 1935, P. 312-14. 

Soap is adsorbed from aqueous solution at all types of interfaces, but 
the ratio of fatty acid to alkali in the adsorbed portion varies with the 
nature of the interface. 

Soap foam, continuously removed from an aqueous solution by CO,- 
free air, was found to be less alkaline than the original solution, while the 
latter became progressively more alkaline. The addition of alkalies to the 
soap solution decreased the selective effect and modified the character of 
the foam. 

When carbon black, paraffin oil, and pure olive oil were brought in 
contact with soap solutions, the aqueous medium became more alkaline and 
acid soap was adsorbed at the interface. 

Fuller’s earth, olive oil containing free fatty acid, wool, and silk, in 
soap solutions adsorbed soap and alkali at the interface and the aqueous 
medium became more acid. Cotton showed no selective adsorption and 
adsorbed a relatively small amount of soap. 

The results of these experiments are consistent with the theory of the 
existence of an acid soap, resulting from the hydrolysis of soap in dilute 
solution. (C) 
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STarRCcH IN SIZING AND FINISHING: ‘‘AKTIVIN S,’’ A SOLUBILIZING AGENT 

ror. C. M. Mehta. Indian Textile J., 1935, V. 45, P. 137. 

Aktivin 8 has the formula CH,C,H,SO,NCl,Na + H,O. It is a white 
powder readily sol. in water, liberating a Cl-like odor and has an alk. 
reaction. Its soln. has a disinfecting action on the bacterial growth; it is 
a neutral, slimy soln. with extraordinary transparency and great adhesive- 
ness and binding power. Advantages claimed from its use are listed. 
(From C. A., 1935, V. 29, Col. 3524.) (W) 


Srarcu SoLuTions AND Pastes: HEeaT INHIBITION OF RETROGRADATION. J. 
R. Katz and A. Weidinger. Z. physikal. Chem., 1934, V. A171, P. 
181-9; ef. J. T. I., May, 1935, P. A272. 

The retrogradation of starch solutions and pastes, as shown by the 
X-ray spectrum, is inhibited by heat, and at temperatures of 60° C. and 
over does not occur. The effect is reversible. The changes in transparency, 
viscosity and malt resistance on heating, parallel the changes in the X-ray 
spectrum. (C) 


STARCHES: MATERIALS AND METHODS FOR SOLUBILIZING AND DESIZING. 

Chas. P. Walker. Am. Dye. Rptr., July 1, 1935, P. 374-6. 

Describes the use and advantages of ‘‘Aktivin’’ (toluolsulfomono- 
chloramide) for the chlorinating of starch without danger of forming oxy- 
chlorides. A paper presented to the Piedmont Section of the A. A. T. C. 
C., Feb. 16, 1935. (C) 


Sutrur Buack DYE NIGROSULFINE: STRUCTURE OF. I. Khmel’nitzkaya and 
V. Verkhovskaya. Anilin. Prom., 1935, V. 5, P. 3-10; C. A., 1934, V. 
28, Col. 5244; 1935, V. 29, Col. 3519. (W) 


(TEXTILE) PRINTING PROCESSES: THEORY IN. S. M. Wu. Dyestuffs, 1934, 
V. 33, P. 235-9; C. A., 1934, V. 28, Col. 7540; 1935, V. 29, Col. 3167. 


(W) 


LV. ReseEARCH METHODS AND APPARATUS 


ANALYSIS OF TEXTILES CONTAINING FIBRES IN MIXTURE. R. T. Mease and 
D. A. Jessup. B. S. J. Rsch., Aug. 1935, P. 189-98. 


Describes a method for the analysis of textiles containing two or more 
of the following fibres: Cellulose-acetate rayon (acetone-soluble type), silk, 
regenerated-cellulose rayon (including nitrocellulose, viscose, cupprammo- 
nium, and Lilienfeld types), cotton (including mercerized cotton), and wool. 
The specimen to be analyzed is extracted with carbon tetrachloride to re- 
move oils and fats, then treated with a starch and protein-hydrolyzing 
enzyme and washed with water to remove starch size, casein, glue, gelatin, 
and loading material, such as china clay. Cellulose-acetate rayon is re- 
moved from a mixture of fibres by solution in acetone; silk by an aqueous 
solution of calcium thiocyanate of specific gravity 1.20; the regenerated- 
cellulose rayons by a thiocyanate solution of specific gravity 1.36; and the 
residue of cotton and wool treated with aluminum chloride and heat to 
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remove cotton, or with potassium-hydroxide solution to remove wool. The 
percentage of each of the fibres in the specimen analyzed by this method is 
accurate within 2% of the weight of the specimen. (C) 


APPARATUS FOR RAPID DETERMINATION OF SURFACE TENSION AND ACTIVITY 
or WeTtTinG AGENTS. M. Stiller. Chem. Zt., 1935, V. 59, P. 208-9 
(through J. Soc. Dyers Col., 1935, V. 51, P. 232); J. T. I., Aug. 1935, 
P. A420. (C) 


CELLULOSE: VISCOSITY AND MOLECULAR WEIGHT. A. Zart. Kunstseide, 

1935, V. 17, P. 38-42; ef. J. T. I., May, 1935, P. A275. 

Staudinger’s investigations of the relation between viscosity and 
molecular weight are reviewed and the possibility of applying his methods 
and theories in studies of the cellulosic raw materials used for the produc- 
tion of rayon and in studies of the intermediate products and of rayon 
itself is discussed. The conclusion is drawn that the viscosity law can have 
only a very limited application in such studies. (C) 

CoLouR CONSTANCY OF MATERIALS: TESTING THE. G, F, Bedford. Tez. 

Mfr., May, 1935, P. 200. 

It is claimed that, as a general rule, if fabrics exposed to the light of 
this Philips Industrial apparatus for one hour do not show any alteration 
of color, they can safely be considered color constant. (C) 


CoTron MIXED WITH ASBESTOS: DETERMINATION OF. Wilmet and Réglade. 
Ann. chim. anal. chim. appl., 1935, V. 17, P. 148. 


The presence of cotton is indicated by the blue color produced by the 


action of L,. To det. the cotton it is recommended to heat the sample with 
H.SO, and 5% CrO, and pass the evolved gas through a measured vol. of a 
standard soln. of NaOH to which an excess of BaCl, has been added. 
Then after the absorption of the CO,, titrate the absorbent with HCl to a 
phenolphthalein end point. The difference in the vol. of HCl soln. contg. 
27.01 g. HCl per 1. required for neutralization after the absorption and 
that of the acid required for the same vol. of fresh absorbent multiplied by 
0.01 will give the wt. of cotton present. (From C. A., 1935, V. 29, Col. 
4589.) (W) 


FiprE CANDLE. G. H. Hotte. Tex. Wid., May, 1935, P. 75-6. 

An improved technique for quick and accurate preparation of textile 
and other hair specimens for cross-sectional examination is described and 
illustrated. In building the candle the hair is first impregnated in a spe- 
cial collodion solution, then in bayberry wax, and finally in paraffin accord- 
ing to the technique of Osborne (Tex. Rsch., 1935, V. 4, No. 2, P. 84-111). 
The success of the new method is due to the fact that, in the cutting, the 
knife progresses from a relatively soft material to one of greater hardness 
without noticeable distinction. (C) 


FIBRE REFRACTOMETER. J. M. Preston and K. Freeman. J. Soc. Chem. 
Ind., 1935, V. 54, P. 338. 
In a new method for measuring the refractive indices of fibres, the 
fibres act as minute cylindrical lenses whose focal lengths depend on their 
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refractive indices relative to the medium in which they are immersed. 
The dispersions of a number of liquids forming the medium must first be 
determined by measuring their refractive indices at various wavelengths 
over the spectrum. From the data of the dispersion curve of the liquid 
the refractive index corresponding to this wavelength is found and thus 
of the fibres at that wavelength. (From J. T. I., Aug. 1935, P. A415.) 
(C) 


FLUORESCENCE ANALYSIS. Karl M. Herstein. Tex. Wld., June, 1935, P. 

84-5. ; 

Describes many of the uses to which the mercury-vapor lamp may be 
put for the examination of textiles and materials used in the textile indus- 
try. Correlation of fluorescence colors with those produced by materials 
of known composition is necessary. (C) 


MOISTURE-ABSORPTION ABILITY OF TEXTILES. TESTING APPARATUS FOR THE 
DETERMINATION OF THE. Burkhard Becker. Z. ges. Teaxtil-Ind., 1935, 
V. 38, No. 18, P. 235-7; No. 19, P. 3-4. 
A review of several machines and procedures. The results of a no. of 
detns. are given and pictures of several moisture-absorption testers are 
shown. (From C. A., 1935, V. 29, Col. 4591.) (W) 


MOISTURE DETERMINATION IN RAw, BOILED AND WEIGHTED SILK. M. 
Weilenmann. Rev. gen. mat. color., 1935, V. 39, P. 150-3. 
Tables are given of the H,O contents of different types of silks ob- 
tained by the two methods of H,O detn. (From C. A., 1935, V. 29, Col. 
5277.) (W) 


RAYON THREADS ADHESION MEASUREMENT APPARATUS. W. Weltzien and 

J. Buchkremer. Monatsh. Seide u. Kunstseide, 1935, V. 40, P. 218-22. 

A form of apparatus is described in which an arrangement for measur- 
ing adhesion is combined with the ‘‘Krefeld’’ tension measuring device 
and with an arrangement for regulating and measuring the tension in the 
yarn prior to contact with the glass rod or similar device for measuring 
adhesion. The results of measurements on sized and unsized yarns of 
different types of rayon, with different preliminary tensions and wrapping 
angles, are tabulated. In the results for the unsized yarns considerable 
differences are shown between the different kinds of rayon, cellulose acetate 
rayons generally giving the highest and cuprammonium rayons the lowest 
adhesion values. Differences in denier and in the number of filaments 
appear to have very little influence on the adhesion. Linseed oil and solu- 
ble sizes generally produce a marked decrease in the adhesion of rayons 
giving high adhesion values in the unsized state but have only small effects 
on the adhesion of rayons giving low values in the unsized state. Increas- 
ing the wrapping angle increases the adhesion. Increasing the diameter 
of the rod round which the yarn is wrapped has little effect on the adhesion 
of cellulose acetate rayon. It is suggested that with small diameters the 
effect of the small length of contact between the yarn and the rod is 
balanced by increased pressure between the two. (From J. T. J., Aug. 
1935, P. A417.) (C) 
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TENDERED SILK: VISCOSITY DETERMINATION OF DAMAGE. S. R. Trotman 
and H.S. Bell. J. Soc. Chem. Ind., 1935, V. 54, P. 141-2T. 

A description is given of a method for determining damage in silk by 
determination of the viscosity of solutions of silk in zine chloride solution. 
Results are given for experiments on the influence of various agents on 
degummed Italian, Chinese and Japanese silks. Bleaching with 1-Vol. 
hydrogen peroxide for 12 hrs. gives only a small reduction in visocity, 
bleaching with 5-Vol. peroxide for 6 hrs, a distinct reduction, whilst bleach- 
ing in the presence of metallic catalysts causes a very marked fall in the 
viscosity. Hydrochloric acid, sodium chloride, and sodium sulphate all have 
a detrimental action on silk. Alkali, although producing structural damage, 
has little effect on the viscosity, and mechanical damage, unless very 
marked, does not reduce the viscosity. (From J. T. J., Aug. 1935, P. 419.) 


(C) 


WATERPROOF OR WATER-REPELLING IMPREGNATION: SYSTEMATICS AND CRITI- 
CISM OF THE Metruops or TEstTING. Rudolf Kern. Monatschr. Tevtil- 
Ind., 1935, V. 50, P. 95. 

Polemie (cf. Stenzinger, C. A., V. 29, Col. 4183). Reply. Theodor 

Stenzinger. Jbid., P. 124-5. (From C. A., 1935, V. 29, Col. 5279.) (W) 


New Cross-Sectioning Device 


technologist of the Bureau of Animal Industry, U. S. Dept. of 

Agriculture, enables the preparation for examination within ten 
minutes of cross-sections as thin as 1/10,000 inch, without injury to the 
internal fibre structure. Such thin cross-sections of seemingly opaque 
fibres are sufficiently transparent for microscopic study. 

Dr. Hardy has applied for a public patent on the device, which is 
about three inches in length and consists of three metal parts. A thin 
piece of metal contains a slot 0.0085 of an inch wide. A second thin flat 
piece of metal slides parallel to the first and pushes a short metal guide 
down the slot, pressing the fibres tight together in a vertical position. The 
third part contains a small metal plunger on the end of a supporting screw 
for pushing the fibres ever so slightly through the slot. After the fibres 
are inserted in the slot and secured firmly in it, they are cut off on both 
sides of the holder with a safety razor blade. The plunger is then swung 
into place and used to push the fibres from one side to the other according 
to the thickness of the cross-section desired. A drop of celluloid is put 
on the projecting ends which are then sliced off with the blade. The thin 
celluloid slice carrying the tiny disks of fibres is ready to be mounted on 
the microscope slide. In contrast to former methods, which involved the 
laborious work of embedding material in paraffin and difficulty in aligning 
the fibres, Dr. Hardy’s device holds hair and other fibres firmly without 
crushing and keeps them in proper alignment for accurate cross-sectioning. 
The celluloid solution dries quickly without soaking into the fibres. 

A eross-sectioning device previously developed by Dr. Hardy was de- 
scribed in Tex. Rsch., Feb. 1935, P. 184-90, but is adapted only for trans- 
lucent fibres and produces cross-sections only about 1/64 inch thick. 


\ new cross-sectioning device invented by Pr. J. I. Hardy, senior fabric 





